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CHEVY ASTRO in any size van. With 150 more than any Ford, Dodge 
| Г horsepower, Vortec V6 is easily ог Plymouth mini-van. 


| The van that can lets you the most powerful engine in 
.. and your family do things Astros class. And it’s standard. 
| Hutamanonoinsmo et — weg you can Жуй де о 
|. less powerful mini-vans. се Tene 
Yes, you can enjoy the Rear-drive Astro has up to 
biggest V6 in any van 6,000 Ibs. of towing capacity Yes, you can seat 
as standard. | | available when properly up to eight. 
Astro Passenger Van's tuel- equipped, including passen- Astro offers available seating 
injected 4.3 Liter Vortec V6 gers, Cargo and trailer. That's for up to eight on all trim 
m isthe biggest V6 you can get „аа. а | s levels. You сап fold down or 


snap-release the middle and 
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U CAN. 


available rear seat for many Grand Caravan or Plymouth So why buy a no-you- 
cargo and seating arrange- Grand Voyager. cant van? Think positively 
ments. Or, you can take Yes, you can...yes, you and test drive the liberating 
command with available high- — can... yes, you can. world of room, power and 


back captains chairs in front Astro also lets you swing-out comfort In Chevy Astro. lt 
and amidship. the rear doors. Load through really is the van that can. 


Yes, you can have up а bigger side door opening 

to 151.8 cu. ft. of cargo than Ford, Dodge or „ираса начан оп SEA башен, 
room? Plymouth mini-vans. Tour | а | 
Astro is compact enough for with the largest optional fuel | 
a family garage. Yet it lets tank in a mini-van: 27 gallons. | 


you pack a load that wont fit 
an Aerostar or even a Dodge 
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An experimental one-eighth-scale 
model is the first aircraft to achieve 
sustained flight powered solely by 
microwave beams. A full-size craft 
to follow could provide an un- 
manned platform for a variety of 


missions. Page 62 


Storage 
platform 


Most homes never have enough 
storage space. If you have a long 
room and a high ceiling, you can 
raise the floor and store beneath 
it in a pull-out trundle. Page 84 
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What flips 
Earth’s field? 


А startling theory that explains the 
hundreds of magnetic reversals in 
Earth's past may also account for 
other remarkable coincidences: 
mass extinctions, climatic changes, 
and giant craters. Page 71 
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No-frills 4WD 


POPULAR SCIENCE takes the Isuzu 
Trooper, Jeep Wrangler, Mitsubishi 
Montero, and Suzuki Samurai off- 
road and to the test track to see 
which 4WD utility provides the 
most driving fun and the fewest 


rmance shortcomings. Page 26 
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! by looking at it, the 

Х Гб is the most 

aerodynamic car 

ENS now in production 
in the world. 


Contrary to 
popular belief, an 
extraordinary car 
must not cost an 
extraordinary amount 


of money. All of which 

Case in point: makes this Subarus 
the new Subaru XT6. "un-Mercedes-like" 

Simply put, the X T6 price even more astounding. You 
boasts a combination of features num alloy overhead cam 6 cyl- can purchase an X I for as little 
not found on any car. At any inder engine. as $9,866? 
price. Recent innovations like on The Subaru XT6. 

In fact, it's the only car of its board computers and self- The car that finally ends the myth 
kind to utilize a computerized full adjusting air suspension are also that high technology may ® 
time 4 wheel drive system. offered. only be purchased at а r= AC y 

Under the hood, the XT6 is And if you havent guessed high price. O ANNIVERSARY 


SUBARU. | 


We built our reputation by building a better car. PCQ3-5SZ-6612 
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Tire switch? Мо myth 


In response to Tire Myths Exposed 
[^What's News," Oct. '87], I want to 
relate an experience I had with radi- 
als and bias plies. Even though the 
tire dealer warned me not to mix tires, 
I could not afford four radials and in- 
stead had two radials and two bias 
plies mounted on my '69 Ford Galaxy 
station wagon. What a trip! The car 
was almost uncontrollable. It was as 
if the tires weren't in full contact with 
the pavement, and the wagon drifted 
and weaved all over the road. 
Gerald Foye, Lemon Grove, Calif. 


When I started out in my '71 Cadil- 
lac, pulling a 17'4-foot trailer behind 
I noticed some instability but didnt 
pay too much attention to it. Then I 
changed lanes to pass a truck at about 
55 mph, and the trailer started fish- 
tailing violently. It leaned over so far 
that the drain fitting dragged on the 
pavement. After much investigation 
my mechanic finally isolated the trou- 
ble. The Cadillac's front tires were 
Sears belted tires and the rear were 
Michelin radials. Replacing the belted 
tires with radials solved the problem 
and made the car safe to drive. 
Dwight Eggleston 


Hendersonville, N.C. | 
| The October 1987 article "Is There 


The closing quote in your tire myths 

piece is wrong. In parts of Canada, if 

you have an accident with other than 

four bias or four radial tires on your 

| car—no mix of any kind—your auto 
| insurance may be diminished. 

Ed Henson, Sitka, Alaska 


Last year my 1984 Escort was fitted 
with Michelin X M&S-1 radial snow 


tires, while the rear tires were the | 


original Goodyear Corsica radials. The 

car handled fine on level roads; how- 

ever, it became a “darter” on highways 

with pronounced traffic grooves or 

tracks. The car's steering became un- 
| stable and difficult to handle. 


Hal Lunka, Broomfield, Colo. 


Why spoil a good thing? 


Thank you for telling us how good | 
DAT [digital audio tape] is when it is | 


free from the distortion the record- 


Address letters for this column to: Readers Talk Back, POPULAR 
SCIENCE, 380 Madison Ave., New York, N.Y. 10017. We are 
unable to acknowledge unpublished letters. 
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ing industry is trying to legislate in 
(“Ready or Not, Here Come DATs,” 
Nov. '87]. Who ever heard of spending 
a fortune developing an exceedingly. 
high-grade product and then deliber- 
ately spoiling it? Does the auto indus- 
try ask Congress to make it lawful to 
pre-dent new cars at the factory to dis- 
courage auto thieves? 

Edgar R. Jones, Englewood, Fla. 


Four-wheel crack-up 


I found your four-wheel-steering arti- 
cle [Aug. 87| interesting, but what 
about this scenario: Two 4WS cars are 
side by side at a stoplight, and when 
the light changes each peels out mak- 
ing opposite turns. The back ends of 
both cars will need extensive body- 
shop repairs! 

Elmer Pinkerton, Elmwood, Neb. 


This scenario is highly unlikely. The 
rear steering angle for most 4WS cars 
is a maximum of about five degrees. 
Engineers have assured me that un- 
less the vehicles were within a few mil- 
limeters of each other before starting, 
they would not contact each other. 
—dJack Keebler 


Lead and the two-stroke 


Life After Lead?" was excellent, but 
there was one area you didn't address: 
two-cycle engines. I own a 12-year-old 
Chrysler 35-horsepower outboard. As 
leaded gasoline became more difficult 
to find, I called Chrysler Outboard En- 


gine Corp., and they told me running | 


the engine on unleaded gas would de- 
stroy it. I found this hard to under- 
stand since there are no valves in a 


two-stroke engine. What's the story | 


here? I am sure there are a lot of peo- 
ple who are in the same boat. 
Charles C. Burke, Farmingdale, N.J. 


I have a 10-year-old, very faithful Stihl 
041 chain saw, and the owner's man- 
ual says to use "regular leaded fuel 


only.” Is lead necessary for some rea- | 


son other than protecting the valves 
in a two-cycle engine, or is my own- 
ers manual just written for the era 
of leaded fuel? 

John А. Westney, Schenectady, N.Y. 


We received many letters from readers 
about possible valve damage to chain 
Continued 
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The car you drive represents a big investment. 
So doesn't it make sense to keep it running the way it was 
made to run? 
With AC-Delco parts. 
They're engineered to match the performance requirements of your 
car. They dont just fit. They match. Dead on. 

I'm not the kind of guy to take chances. | want to know everythings the way ifs 
supposed to be. Thats why for more than 40 years I’ve been using AC-Delco parts. 
| wouldnt even think of messing with anything else. And if | dont want to take 
chances, neither should you. i | 

For the AC-Delco retailer nearest you, just give me a call at 1-800-AC-DELCO. GENERAL MOTORS CORPORATION 


AC-DELCO. THEY DONT JUST FIT. THEY MATCH. 


| The lubricating qualities of lead don’t | 


Readers Talk Back с 


saws, outboard bot motors, and "m 
two-cycle-engine machines. These en- 
gines can’t suffer valve damage because 
they don't have any valves. Rather, fuel 
and exhaust enter апа leave the com- 


bustion chambers through ports in the | 


cylinder walls that are uncovered by 
the pistons as they move up and down. 


seem to offer any significant benefits 
to two-cycle engines. In fact, many two- 
cycle-engine builders say that their 


products actually behave better with | 


unleaded fuel, which is less likely to 
cause combustion-chamber deposits 
that can impair performance. However, 
they do recommend that their engines 
be run with high-octane unleaded gas- 
oline to avoid potentially damaging 
preignition and detonation. For exam- 


| ple, Outboard Marine Corp. recom- 


| mends that its two-cycle boat engines | 


rated at 60 horsepower or higher be 
run on unleaded gasoline with an oc- 
tane rating of 92 or more. If this fuel 
is unavailable, some models will re- 


quire minor modifications. Dealers are | 


| your best source of advice on this. 
— Stuart Brown 


| “Bullet Bikes,” 


| pable of humiliating Porches. 


Racing against the porch 
Regarding your October 1987 article 


trigued by the Honda that is “... ca- 


| have yearned to humiliate real estate. 
| So I lined up my trusty '81 Aries with 


| foul-up started when I left the 
of Porsche. The error passed undetected | 
by human checkers and even fooled the | 
computer spelling-checker program. It | 


the non-functioning accelerator pump 
with the front porch. Just like your 
Honda, I was victorious. For the sake 
of scientific curiosity I lined up other 
competition. To make it more sport- 


ling this time, I challenged a patio and 
a fully equipped redwood deck. The 


competition was not just humiliated, 
but buried. 
James Milner, Kansas City, Mo. 


Renew your subscription now, Mr. 
Milner. In future issues we hope to 
humiliate ever-larger pieces of real 


| estate—a fast-food restaurant, grain el- 


evators, maybe even an entire German 
sports-car dealership. Actually the 


TANE 


turns out both Porsches and porches 
are in the program.—Stuart Brown 


Star shots 


We are delighted with your excellent 
| article about Ian Sheltons discovery 


of the recent supernova |Sept. '87]. 


However, we are disappointed that you 
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I was especially in- | 


.. 2 Itoo | 


S OUI | 


Фа not credit the source of the photo- 


| graphs, especially the spectacular 


photo of the Supernova Shelton 1987A 
taken by Ian Shelton. 

Marvi Ricker, Public Relations Dir. 

University of Toronto 

Toronto, Ont. 


Vacs that suck? 


A blower/vac is radically different | 


from the home vacuum cleaner with 
which you compare it in your article 
“Blower/ Vacs,” | Nov. '87]. You fail to 
point out an important distinction that 
many a hapless new owner of the yard 
sucker will eventually discover on 
his own: Unlike the home or shop 
vacuum, in this machine the collec- 


| tion bag is downstream of the impel- 


ler rather than in front. All material 
being collected, including twigs, wood, 
or bark chips, must travel through the 
vac’s wildly spinning plastic impeller. 
So far I have taken two machines with 
broken impellers back to the store 
—and I use my blower/ vac only to pick 


up difficult-to-rake leaves from ivy - 


beds. My complaint is not that the ma- 


that the design does as well. 
Ron Olesch, Annandale, Va. 


| chine does not suck sufficiently, but | 


The spinning impeller, as I explain in | 


the article, is an important feature—it 


mulches debris to reduce volume. Any | 


material light enough to be lifted | 
pose a problem to impellers. Early vac | eS Times Mirror 
models did have some trouble with im- | 


peller breakage, but improved materi- | published monthly by 


through the wide nozzle should not 


als on newer vacs seem to have over- 


come this. I experienced no problems | 


in my testing.—Timothy O. Bakke 


Newest monster 


The November 1987 article by A. J. 
Hand, “Monster Routers,” provided an 


| excellent overview of the increasingly 


popular 12-inch router tool category. 
But in summary you say that Porter- 
Cable is the only company offering a 
router that provides low-end speeds 
of 10,000 rpm and can handle large 
raised panel bits. This may have been 
true when the article was researched, 


but Ryobi has just introduced a three- | 


horsepower plunge router with elec- 


tronic variable-speed control that | 


allows the machine to handle all types | Copy 
| this issue for the flat fee of $1 per copy of each article or 


of router bits, with six speed settings 


| ranging from 10,000 to 22,000 rpm. 


The price: $398. A single-speed ver- 

sion is $348. 
Michael Clancy, Dir. of Marketing 
Power Tool Div., Ryobi America Corp. 
Bensenville, Ill. 
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Hastanton radar—also called “pulsed” radar— 

has been a threat for years. However, as radar 

operators try to defeat radar detectors, instant- 

onis being used more and more. Understanding 

how it works is the first step in defending yourself. 
How radar works 

In an ordinary radar trap, a radar gun is 
aimed at oncoming traffic and continuously 
transmits a beam of radar waves. Although 
invisible, this beam behaves very much like a 
spotlight. The effective range for the radar to 
"see" your car's speed is less than a half mile 
for most cars, somewhat longer for trucks. 

How radar detectors work 

Aradar detector works like a radio tuned to 
radar frequency. And just like your eyes can see 
a spotlight before the spotlight's beam is directly 
on you, a good detector is sensitive enough to 
see this radar beam before the radar sees your 
car. Even over hills and around curves. 

How Instant-on radar works 

Instant-on radar does not transmit until 
triggered by the operator, so there is no radar 
beam to detect as you approach. After you are 
within its range, the operator triggers the radar. 
It transmits the radar beam and reads your 
Speed in less than a second, too quickly for 
most drivers to respond. But there is a defense. 

The best defense... 

The only defense against instant-on radar 
is to identify it before you are within its range. 
You must detect it when traffic ahead of you is 
being clocked by instant-on. For this, your detector 
must reach out for distant radar signals. 
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Once you understand how instant-on radar works, it's 
obvious that being well-informed about the presence of 
weak radar signals is the only protection available. However, 
one detector maker hopes you'll believe otherwise, and 
based on that they've added a so-called “Pulse Protection” 
feature to one of their detectors. 


What it does. When this unit detects the sudden presence 
of a "high strength signal" (to quote the maker), a "P" 
(for "pulse") appears оп its display, and it sounds a special 
alert, They call this "Pulse Protection: 

Unfortunately, under some circumstances radar close 
enough to produce the "P" can also be strong enough to 


You're looking for weak radar that lasts 
only a few seconds. Finding even one such 
"pulse" is cause for alert. Finding a series of 
them, each stronger than the last, indicates 
you're approaching an instant-on trap that's 
picking off traffic ahead. 

Identifying instant-on radar before you come 
in range is the only defense today, just as it was 
ten years ago when we introduced Escort. That's 
why Escort and Passport have always had a 
warning system that tells you everything you 
need to know about every radar encounter. The 
strength of the signal, and the length of it, are 
critically important. 

Nothing but the truth 

Our warning system indicates signal strength 
by both a meter and a smooth variable-rate 
beeper that pulses like a geiger-counter. The 
length of the signal is indicated by the duration 
of the alert. But there's more to it. 

False alarms destroy the reliability of any 
warning system. If you can't trust the accuracy 
of each alert, eventually you'll ignore a real 
radar threat. That's why we've added AFR™ circuitry 
to identify and ignore the K-band signals of the 
Rashid VRSS, a device used in some trucks that 
sets off other radar detectors. 

Best Іп the business 

Escort and Passport are the highest per- 
formance, most complete radar warning systems 
available. But don't take our word for it. In 1987, 
Car and Driver, Popular Mechanics and Roundel 
each published independent tests of radar 
detectors. 


clock your speed. You can already be in range, which is not 
the time to find out about instant-on. 


You know better. Remember, the only defense against 
instant-on is to find it while the signal is weak. By high- 
lighting strong signals only, this so-called "Pulse Protection" 
leads you away from the only defense against instant-on. 
The maker says this feature "tells you when you're being 
shot at” The problem is, when you're being shot at, it's too 
late. Maybe "P" really stands for placebo. 


The same old song. In its most recent radar detector 
test, Car and Driver noted, "While other makers have spent 
their energy on funny features or zoomy styling, Cincinnati 
Microwave has found a way to improve function in a quiet 
and systematic way.’ We intend to continue on our path. 
And apparently, others intend to continue on theirs. 


. Instant-on radar: 
How to defend yourse 


And each gave us its highest ratings (for 

complete copies of the tests, call us toll-free). 
Find out for yourself 

We only sell direct to you, and we guarantee 
your satisfaction. If you're not entirely satisfied 
within ЗО days, return your purchase. We'll refund 
your money and return shipping costs. 

To order, just call us toll-free, we'll be glad 
to answer any questions. Orders in by 3:00 pm 
Eastern time go out the same day by UPS, and 
we pay for shipping. If you're in a hurry, overnight 
delivery by Federal Express is only $10 extra. 

Call now and the best defense against 
instant-on radar can be in your car tomorrow 
morning. 


Order Today 


TOLL FREE...800-543-1608 
(Mon-Fri Bam-11pm, Sat-Sun 9:30-6 EST) 


By mail send to address below. All orders 
processed immediately. Prices slightly 
higher for Canadian shipments. 


PASSPORT 


ADA RECEIVE 


Pocket-Size Radar Protection $295 
(Ohio res. add $16.23 tax) 


ESCORT 


RADAR WARNING RECEIVER 


The Classic of Radar Warning $245 
(Ohio Res. add $13.48 tax) 


Cincinnati Microwave 

» Department 61618 
One Microwave Plaza 
Cincinnati, Ohio 45249-9502 


© 1988 Cincinnati Microwave, Inc. 
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That’s Amie, a silver tabby, closely in- 
specting an experimental setup dubbed 
an “artificial dog” in a laboratory at 
Cornell University’s College of Veter- 
inary Medicine. What do Amie and 
this collection of laboratory glassware 
have in common? Fleas. Ctenocephal- 
ides felis, to be exact, the common cat 
flea that thrives on cats and dogs, as 


well as raccoons, goats, sheep, and cat- | 


tle the world over. 

Until recently, the only way veteri- 
nary medical researchers could raise 
enough fleas for studies on controlling 


the insects was to breed them on lab- | 


oratory animals, including Amie, a 


placid cat who didn't seem to mind. 


Now however, Cornell’s Susan E. Wade 
and Jay R. Georgi, both parasitolo- 


gists, have developed the first “artifi- | 


cial dog” to raise fleas in a controlled 
experimental environment. 

Based on a mosquito feeder invented 
at Walter Reed Army Medical Center, 
the apparatus is a double-walled mem- 
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In true scientific spirit, Amie investigates a unique “artificial dog” created to provide an unending supply of fleas. 


| Of cats and dogs and fleas 


brane feeder resting on a stack of 
sieves. А plastic and paraffin mem- 
brane, which substitutes for an ani- 
mal’s skin, is stretched across the 


| bottom of the feeder’s inner chamber, 


and fresh, warmed blood is added. 
Adult fleas reproduce between the 


| meshes of the upper two of three sieves; 


their eggs drop to the bottom sieve, 
where they are collected and counted. 

With a reliable source of thousands 
of fleas at hand, the parasitologists are 
ready to investigate chemical and 
other means of controlling the pests. 
The research is supported in part by 
SmithKline Beckman Co. 

Incidentally, Georgi says that his in- 
terest in parasitology was launched 
when he observed his first nematode 
with a microscope he had built him- 
self, at age 12, from plans in POPULAR 
SCIENCE. 


Monster magnets 


Tests on six huge superconducting 
magnets designed for thermonuclear 


PHOTO: CLAUDE LEVET/CORNELL UNIVERSITY 


Чы 


fusion reactors have resulted in record- | 


breaking magnetic fields. The six 
D-shaped coils, each 20 feet tall and 
weighing about 40 tons, were exten- 
sively tested at Oak Ridge National 
Laboratory’s International Fusion Su- 
perconducting Magnet Test Facility, 
operated for the Department of En- 


ergy by Martin Marietta Energy Sys- | 
tems, Inc. Three of the magnets were | 
of U.S. manufacture, from General | 


Electric, Westinghouse, and General 
Dynamics Corp.'s Convair Division; 
the others came from Japan, Switzer- 
land, and West Germany. 

Each of the magnets reached peak 
magnetic fields of nine teslas, about 
180,000 times the value of Earth’s rel- 
atively feeble field. Fields of such high 
intensity generate enormous mechan- 
ical forces that the magnet coils must 
be capable of withstanding—in this 
case, more than 5,000 tons. 

Paul N. Haubenreich, manager of 
Oak Ridge's Large Coil Program, said: 
"No other magnets this large, in terms 
of size, weight, or stored energy, have 

Continued 


There аге no compromises when it 
comes to the building of a 
Consolidated Dutchwest stove. Each 
one of these elegantly styled cast-iron 
stoves and fireplace inserts combines 
the best in materials and highest 
quality construction with the most 
advanced designs in combustion 
engineering. 


Clean, Efficient and Very Safe 


Each Consolidated Dutchwest stove 
employs catalytic combustion, double- 
chambered baffling, and precise air mix- 
ing to achieve extraordinarily high effi- 
ciencies. Average efficiency rates range 
from 74% to 80%, with peak efficiencies 
climbing to over 80% on most models. 
This means fuel savings from one-third, 
compared to an ordinary airtight stove, to 
over four-fifths when compared to a 
fireplace. It also means substantial reduc- 
tion in creosote formation in yout 
chimney and pollutants in the air — a 
reduction as great as 90%. Your stove 
will be safer while our air stays cleaner. 
Consolidated Dutchwest offers the widest 
selection of stoves environmentally cer- 
tified by the states of Oregon and 
Colorado, which have the strictest stand- 
ards in the nation today. 


Elegant Styling and Easy to Use 
The cabinet of each Consolidated 
Dutchwest stove is patterned on the 
stately architecture of the Federal era. 
Clean, raised lines and graceful arches, 
highlighted with solid brass trim, create a 
unique sense of balance and beauty. A 
pair of glass viewing windows lets you 
watch the glowing fire, and a screen is 
provided for open-fireplace burning. 


Each stove is designed to be easy to use. 
There are ashbins for quick, neat removal 
of ash, without having to let the fire die 
out. Most models burn both wood and 
coal, with conversion between fuels tak- 
ing only seconds. Combustion air sources 
beneath the grate allow for quick fire 
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build our stoves without compromise. 


starting, even with balky fuels like 
unseasoned wood. Other standard 
features include front and side loading 
doors, cook tops, temperature gauges, 
and rotating grates. 
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From now until 4 25, 1988, you can 
save over $200 when you purchase one 
of our most popular models. Off-season 
pricing and valuable free accessories 
make this the best time of the year to 
buy. You will also receive a genuine 
Corning brand “Long-Life” catalytic com- 
bustor with each stove at no additional 
charge. Write or call today for your free 
68-page color catalogue and details on 
our off-season specials and discounts. 


ger oe elle iowa 


> ov Call Vc) Send me my Free Information Package! 
TO. É || AX e ү plan on purchasing a stove within: 
[130 days Û the next 6 months 
Г] do not anticipate purchasing a stove 


[] more than 6 months 


State/Zip 


PO. Box 1019, Dept. 8PS1, Plymouth, MA 02360 
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| This battery-operated portable Dop- 


mp im 


pler-radar microwave system could 


achieved such a high field strength." 

Superconducting magnets are to be 
used in magnetic-confinement fusion 
reactors because they consume rela- 
tively little electric power. Most of the 
electric demand is for the liquid-heli- 
um refrigeration system that cools the 
coils to near absolute zero. 


Tornado tracker 


In a series of tests carried out cooper- 
atively by Los Alamos National Lab- 


oratory, the University of Oklahoma, | 


and the National Severe Storms Lab- 
oratory, an experimental device that 
is capable of measuring the speed and 
direction of moving objects in mere 
thousandths of a second has success- 
fully tracked tornadoes. 

Called the Doppler Electronic 
Weather Sensor, the device is a porta- 
ble Doppler radar unit with two side- 
by-side dish antennas, one to transmit 
a continuous microwave beam and the 


help solve the mysterious origins of tor- 


nadoes and explain their behavior. 


was pioneering research," says Unruh, 
"and it worked." 


| Computers that see 


Getting computers to see objects and 
understand what they are seeing is 
one of the more intractable problems 
in artificial intelligence, or AI. Now 
Van-Duc Nguyen of General Electric 
Co.’s Research and Development Cen- 


ter in Schenectady, N.Y., has come 


other to receive the microwave echo. | 


The 40-pound unit is held in the photo 
above by Wes Unruh, a Los Alamos 
engineer who developed it with How- 
ard Bluestein of the University of 
Oklahoma's School of Meteorology. 
Last spring the radar device bounced 


microwaves off the raindrops and de- | 


bris in two circulating funnel clouds | 


in Oklahoma and recorded a half hour 
of both visual and audio data. “This 
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Computer experts battle the line label- 
ing problem in artificial intelligence. 


up with what is claimed to be a key 
advance: a software program that pro- 
vides “the first complete solution to 
the classical AI problem of line label- 
ing.” Given the image of a polyhedral 
scene, like that of the shape seen in 
the photo at the bottom of this page, 
the task is for the computer to label 
all the lines in the image as either 
concave, convex, or occluding. The line 
labels represent a shape interpretation 
of the scene shown in the image. 


Communicate for safety 


Phillip Tompkins, a professor of com- 
munications at the University of Col- 
orado at Boulder, thinks the growing 
problems in aviation safety, including 
a spate of near misses and runway 
blunders, could be ameliorated by 
more precise communications among 
pilots, co-pilots, and ground crews. A 
communications consultant for NASA 
during the Apollo program, Tompkins 
bases his belief on a study of the re- 
cords of the Aviation Safety Report- 
ing System. More than 60 percent of 
the unsafe incident reports filed by pi- 
lots, air-traffic controllers, and other 
observers since 1976 involved some 
kind of verbal mistake, he says. Some 
70,000 reports concerning 50,000 dif- 
ferent incidents were made during 
that time. 

“This is probably the greatest data 
base ever assembled on human mis- 
understanding,” Tompkins says wryly. 
“And the complexities of flight are 
such that even a simple misunder- 
standing between two people can have 
profound and tragic consequences.” 


North Atlantic plastic 


Plastic objects of all kinds are increas- | 


ingly littering the beaches bordering 
the North Atlantic, and the ocean it- 
self is becoming increasingly polluted 
with plastics, according to Dr. R. Jude 
Wilber, a guest investigator at the re- 
nowned Woods Hole Oceanographic 
Institution in Woods Hole, Mass. He 
says that the stuff is washing up on 
beaches and shorelines in quantities 
two to four times greater than 15 
years ago, even in places remote from 
any source of the material, such as 
Bermuda and the Bahamas. 

Most plastics in the ocean come 
from the dumping of mixed trash from 
ships. But a large portion is in the 
form of small polyethylene pellets 
called “nibs,” the feedstock from which 
larger plastic items are made. They 
apparently escape into the ocean while 
being transferred to and from bulk 
carriers. 
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Real people 
want real taste. 


Winston. И ЇЇ 


LIGHTS 


EN à; | = мари, — 
iimg. к“ av. per cigarette SS 


SURGEON GENERAL'S WARNING: Quitting Smoking 
Now Greatly Reduces Serious Risks to Your Health. 


NO.1--FORD PICKUPS 
FIRST IN SALES: FIRST WITH HI-TECH 
FEATURES. FIRST IN VALUE. 


Ford has been the 
best-selling pickup for 
П straight years* And 
there's never been а 
better time to buy one 
than right now! 

HIGH TECH. 

First with rear Anti- 
lock brakes last year, 
Ford leads Chevy with 
multiple-port fuel injec- 
tion across the line. 
Gas-pressurized shocks 
for smooth ride. 


HIGH POWER. 

Ford pickups give 
you a bigger standard 
six with 1276 more 
torque than Chevy. 
V-8's range from the 
most powerful small 
gas V-8...to the biggest 
diesel in any pickup! 
BIGGER PAYLOADS. 

88 Fords are built 
so tough that their 
payloads exceed Chevy 
by up to 565 Ibs:! 


MORE VALUE. 
Today's F-150 with a 
5-speed transmission 


v 


includes many popular 
"extras" at no extra 
cost. That's true of 
XLT Lariat (shown 
above) or Custom 
models. Add these 
same features to 
Chevy 5-speed models 
...and their price 15 
more than $1,000 
higher than Ford?* 


Chevrolet 
F-150 LWB C-1500 LWB 
XLT Lariat—5-Speed Silverado 
Equipment Package 5-Speed, 
907A comparably equipped 
$12,046 $13,228 


Advantage 


$1,182 less 


Ford . Chevrolet 
F-150 LWB 
Custom — 5-Speed 


C-1500 LWB 
Chevenne 
5-Speed, 

comparably equipped 
$11,851 


Equipment Package 
500A 


$10,727 $1.124 less 


No charge items on Ford manual transmission packages include: 
Radio, AM/FM Stereo Mirrors — Bright Low-Mount 
P-235 Tires Auxiliary Fuel Tank 
Bumper — Argent — Rear Step Tinted Glass 


Sliding Rear Window Tachometer 


6/60 WARRANTY. 
Covers powertrains 
for 6 years/60,000 miles 
and body-panel rust- 
through for 6 years, 
100,000 miles. Restric- 
tions and deductible 
apply? 
BEST-BUILT 
AMERICAN TRUCKS 
7 YEARS RUNNING. 
Based on an average 
of owner-reported 
problems in a series of 
surveys of 81-87 models 
designed and built in 


FORD PICKUPS 


North America. At Ford, 
"Quality is Job 1” 


"Based on latest available calendar year 
manufacturers reported retail deliveries 
** Based on manufacturers suggested 
retail prices of F-150 (2WD) equipped 
with 5-speed manual transmission and 
Preferred Equipment Package 500A or 
S07 A compared to MSRP of comparably 
equipped C-1500 Chevrolet models 
Comparisons based on prices available 
at time of publishing. including destina 
tion and delivery charges and excluding 
title and taxes 

£Ask your Ford Dealer for a copy of this 
limited warranty 


Buckle up—together we can save lives. 


AMERICAS TRUCK BUILT FORD TOUGH 


Electronics Newsfron 


By WILLIAM J. HAWKINS 


Interactive TV 


TV viewing doesn't have to be a pas- 


| sive activity, as West Coast Editor Jim 


Schefter recently discovered. Here's his 
report on one way to participate in 
what's taking place on the tube: 
"When Hollywood producer Gary 
Goddard approached Mattel Inc. with 


| a proposal for a futuristic action show, 


Mattel executives liked the idea be- 
cause they had something in mind for 
T V, too. 

“ "We had a technology looking for 
a home, said one Mattel executive. 
Mattel had developed a way of letting 
toys communicate—interact— with 
signals from a TV screen. And God- 
dard's Captain Power and the Soldiers 
of the Future, a show that combined 
live actors with computer-generated 


| characters, could easily incorporate 


the special signals the toys required. 

“The interactive toys— mostly futur- 
Istic space guns—contain light sensors 
connected to a microprocessor pro- 
grammed to detect a narrow range of 
colors and certain gray-scale shades 
that blink at a preset rate. 

"In Goddard's script, targets—the 


‘bad guys —are all in the red family 


of colors. Robots are adorned with red- 
hued emblems, while their spaceships 
and air jets have reddish exhaust out- 
lets. When Captain Power and his 
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team engage enemy robots, viewers do 
the same. I watched my sons, Will, 14, 


and Drew, 10, sight on the rapidly | 


moving targets with guns shaped like 
Captain Power’s power jet. When the 
toys’ sensors locked onto a shimmer- 
ing red square on the TV screen, a 
red light-emitting diode on the gun- 
ship flared, and they fired. A rapid 
beep-beep sound from the hand-held 
power jet recorded a hit. 

“The robots fire back yellow fire- 
balls. If the electronic gun is fired 
when the balls reach maximum inten- 
sity, they are neutralized. If not, the 
guns sensor sends a signal to the mi- 


croprocessor, and a loud buzz indicates 


wilt 
" 


that damage has 
been sustained. 
“The system in- 
cludes a small 
amount of random- 


access memory that 


| Compaq's portable uses an 80386 chip for speed and extended memory control. 


i 


Sensors and a microprocessor let Mattel's electronic toys interact with signals imb 


edded within a TV picture. 


records both damage and hits on the 
enemy. Each session starts with five 
points, credited when the gun is 
turned on. Additional points can be 
garnered from a power unit (sold sep- 

Continued 


Here at last is the 
breakthrough STAR 
TREK fans have been 
waiting for: the exclusive 
Collectors’ Edition from 
CBS Video Library of the 
original famed ТУ series. 
Complete and uncut — 
without the commercial 
interruptions and crude 
editing of reruns. 


SAVE $20 ON YOUR 
FIRST VIDEOCASSETTE. 

Your charter voyage 
begins with two of STAR 
TREK’s most memorable 
episodes—“Menagerie | 
Parts 1 and 2”—on a single 
Collector’s Edition 
cassette. 

Stardate 3012.4. Spock 
is accused of mutiny when 
he takes control of the 
Enterprise then defends 
himself with an astounding 
reenactment of the first 
journey of the Starship. 


Preview this double-adventure cassette for 
10 days risk-free. If you’re not delighted, simply 
return it within 10 days for a full refund. Or 
keep it and save $20 off the regular price. Pay 
just $4.95 plus $2.45 shipping, hand 


applicable sales tax. 


_ Thereafter, you'll receive a new STAR 
TREK cassette about every six weeks. Each 


` TAKE YOUR FIRST STAR TREK 
VIDEOCASSETTE, "THE MENAGERIE 


PARTS 1 AND 2”, FOR ONLY 


plus shipping & handling 
with subseription 


ing and 


Pa TETTE 


BUT 
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1 YES, transport “The Menagerie — Parts 1 and К {оту — for only $4.95 plus $2.45 
ing and handling (and applicable sales tax) and enter my subscription to STAR 

K: The Collector's Edition under 
Check one: 
Check method of payment: O Check enclosed made pavable to CBS Video Library. 515 
O Charge my STAR TREK purchases, beginning with my first cassette, to: S16 
L] American Express O Visa Û] MasterCard Û Diner's Club 


Send CO) VHS OBETA 


Account No. Exp. Date Name 
Signature m Address 
Phone Number City 
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the terms described in this ad. 


State Zip 


If 1 do not choose to keep "The Menagerie”, I will return it within 10 days for a full refund or for credit to my charge account. 

Note: All Subscriptions subject to review. CBS Video Library reserves the right to reject or cancel any subscription. Offer limited to continental U.S. 
Applicable sales tax added to all orders. 
Mail to: CBS Video Library, STAR TREK Collector's Edition, Dept. ZN5, 1400 N. Fruitridge Avenue, Terre Haute, IN 47811 


STAR TREK is a registered trademark of Paramount Pictures Corporation. "tm" and copyright © 1988 by Paramount Pictures Corporation. All rights reserved. 


PRESENTING STAR TREK’: THE COLLECTOR’S EDITION 


Collector’s Edition video- 
eassette includes two 
complete episodes in 
consecutive Stardates. 


BUILD A STAR TREK 
COLLECTOR’S LIBRARY. 


Beam aboard the Enter- 
prise when Kirk battles a 
mutated superman and 
outwits a deadly space 

robe. Visit the planet 
Vulcan, where Spock must 
fight Kirk to the death. 
Meet Spock’s parents in 
“Journey to Babel.” Kirk’s 
Romulan counterpart in 
“Balance of Terror.” And 
the dangerous Khan in 
“The Space Seed.” 


Each double-adventure 
videocassette is yours to 
preview for 10 days risk- 
free. Each is yours to keep 
for only $24.95 plus $2.45 
shipping, handling and 
applicable sales tax. There 
z 1s no minimum number 

you must buy and you 
may cancel at any time. 


For fastest service, 
use your credit card 
to order and call toll 

free 1-800/CBS-4804. 
(In Indiana, call 
1-800/742-1200. ) 
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Quattro’s macro commands create charts like this 
and can be executed a step at a time to find errors. 


[CHAN WEL LOCK 


CHANNELLOCK Pliers Are American Made. 
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arately) that is also ac- 
tivated by on-screen 
action. Hitting an on- 
screen target adds one 
point, getting hit by a 
yellow fireball subtracts 
three. If an unlucky 
player loses all points, 
the microprocessor trig- 


gers a release switch. 


that ejects the gunship’s 
canopy, seat, and pilot. 
Now that’s a sore loser. 


“Significantly, there are no human 
targets for players to destroy. “We were 
concerned about violence,’ Goddard 


| told me, ‘so you can only shoot at ro- 


bots and machines. We didn’t want a 
show where kids are encouraged to 
shoot at people’ 

"Because the light sensor reads a 
gray scale as well as color, the Mattel 
toys can be used with black-and-white 
television. The toys also have a switch- 


| activated light gun that allows them 


to fire at each other. 

"The interactive system works with 
videotapes as well as live television. 
Mattel offers three 15-minute 'train- 
ing' tapes to keep players interested 
between shows as well as four differ- 
ent interactive toys. Tapes sell for 


about $12; the interactive toys are | 


priced in the $35 range. Mattel is 
studying additional toys that interact 
with videotape games, educational 


| tapes that provide instant feedback, 


and reference materials." 


| Super portables 


Compaq Computer Corp. and Toshiba 
America Inc. now offer portable com- 
puter models that use Intel’s high- 
speed 80386 microprocessor. The 
$7,999 20-pound Compaq Portable 
386 (see photo) runs at 20 MHz and 
contains a one-megabyte RAM, a 40- 
megabyte fixed disk, a 5.25-inch 1.2- 
megabyte floppy, and a gas plasma dis- 
play. Toshiba's $6,499 15-pound T5100 
runs at 8 or 16 MHz and contains two 
megabytes of RAM, a 40-megabyte 
fixed disk, a 3.25-inch 1.44-megabyte 
floppy, and a plasma display. 


| Smart spread sheet 


Tell Borland Intl., Inc.'s, Quattro | 


spread-sheet program to "learn," and 
from then on it records your key- 
strokes and converts them to macro 
code (compatible with Lotus 1-2-3) 
when needed to compute a cell, or seg- 


ment of the spread sheet that contains | 


data. All menus can be customized by 
the user, and the $195 program shows 


| results in a variety of chart types 


(see photo). Quattro's chief rivals are 
new spread sheets from Lotus, Micro- 
soft, and Micropro. 


| PC insurance 


| Bookmark remembers what your com- 


puter does and completely restores all 
data and programs after a power fail- 
ure, system crash, or user error. That's 
the claim of Intellisoft, 51 Digital 


Dr, Novato, Calif. 94948, maker of | 


the $100 PC-compatible program. Bs] 


Start your own money making business! 
аке up to ‘20 
even while learn 


Get into this booming high-profit business that’s 
Easy to learn—Easy to do— Easy on You! 


Never before have money-making opportunities been so No Extra Included With Your 
great for qualified Locksmiths, Now lucrative regular cost! Locksmith Training | 
lock and key business has multiplied a thousandfold as | Il BURGLAR 
millions seek more protection against zooming crime. ALARM 
Yet there's only one Locksmith for every 17,000 people! and SECURITY 
Start Collecting CASH PROFITS Right Away bii: 


training. Covers 
You're in "business" ready to earn $10 to $26.00 an hour a ail ph аз dm $e 
л es i | : mi rglar, Hold- 
few days after you begin Foley-Belsaw's shortcut training. | and Fire Alarm 
Take advantage of today's unprecedented opportunities in servicing and in- 
locksmithing for year - round EXTRA INCOME in spare time 

— or fulltime in a high-profit business of your own. Hundreds 


stallation. This 
valuable and 
timely instruction 


we've trained have done it. So can YOU! All tools plus profes- uM — special tools and 
sional Key Machine given you with course. These plus prac- su piles ONLY Foley-Belsaw اا‎ 

j arial | j i i і | such extensive training in this 
tice materials and equipment plus simple, illustrated lessons, rapidly expanding field As & ран oF 
plus expert supervision, plus business building guidance will your Locksmith training 


VOU {! lf - 
enable you the KEEP THE MONEY COMING IN! Ideal for re ADVANCED Locksmithing! 


Hemen HOD OU: 100, ан to им боеном, in- 097 j 
ды ! Р Е Stall and service Safe, Vault and ; - : r—. Ji 
SEND FOR EXCITING FACTS—No Obligation Bank Safe-Deposit Box locks. — à e D iB... 
Discover what's in Locksmithing for you — how Foley-Belsaw's Master You'll find it fascinating and high- | h x; ; 
Locksmith-approved training can give you the skill you can depend оп ly profitable work. | £1 — | | E VEG 
to EARN MORE — ENJOY LIFE M 


ITH! 


ALL SPECIAL TOOLS 
b T AND EQUIPMENT INCLUDED! 


ELOCKSM 


Hundreds of Foley-Belsaw trained men 
have succeeded in this fascinating 
and highly profitable field . . . 


"Before enrolling I checked 
other courses and also asked 
for advice from several 
locksmiths in my area. They 
all said yours was tops 


f, 


send tor — 
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details! eas 
THIS PRO KEY 
MACHINE IS 


җа 

= This Pro Key 
F Machine can alone 
add up to $200 a 


and has the most > а E yar Menit: 

۴ and it won't cost you а en- 
versatile Key YOURS TO KEEP! < ny extra with dd niam. з 
Machine. i 

“I always Find out all ‘about it! Send for FREE Facts TODAY! 


wanted to be in 


Just fill in and mail coupon below (or 
business for myself R Џ $, Н 


send postcard) to receive full information 


FOLEY-BELSAW INSTIT UTE 


and now l am... and details ze return mail. DO IT TODAY! C Ü ы Р ON! / petrus iy Mo ыд 120 
thanks to 

Foley-Beliaw 

Institute. 


David Fairbrother—Dave's Locksmith Service i RUSH COU PON TODAY | | 


Milwaukee, Wisconsin 53209 FOR THIS FACT-FILLED 


“І opened my own business, spare | 
time, seven months after I enrolled and 


"vm INSTITUTE 
6301 Equitable Rd., ا‎ 11243 FR 
Kansas City, Mo. 64120 |) BELSRUIJ 


Г] YES, please send me the FREE booklet that i 
| 


gives full details about starting my own business in 
Locksmithing. | understand there is no obligation 
and that no salesman will call. 


| made a profit of $329 for the first week." ihe 
BOOKLET! 


B. A. Deberry Littleton, Colorado 
Tells how you quickly 


train to be your own boss 
in a profitable Sparetime 
or Fulltime business of % pa 
your own PLUS complete end for 

details on our 30-Day . | sax 
NO RISK Trial Offer! COPY today 


... YOU Can Do It Too! ЁК am ama mue umm m 


A i 
"Mo more hard, nasty work for me. Warmed 
Now I have my own business and with 
hardly any effort | average around $50 
a day. Thanks for my new start in life." 
Sam Walker Prichard, Alabama 
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Automotive Newsfront - 


By DAN McCOSH Detroit Editor 


Dateline: Frankfurt 


Full control over all four wheels, in- 
cluding power, braking, and steering 
angle, may be commonplace by the 
mid-1990s, if two new Japanese show 
cars are any indication. 

Toyota Motor Corp.’s FXV-II and 
Subaru of America, Inc.'s Estremo de- 
sign exercises, unveiled at the Frank- 
furt Auto Show, both include four- 
wheel drive electronically controlled 
to shift power between the front and 
rear axles, rear-wheel steering, anti- 
lock brakes, and traction control. 

The drive systems represent the lat- 
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Subaru's Estremo uses four-wheel drive similar to that on 
its current production cars, but adds four-wheel steering. 


Instrument panel of the Toyota FXV-II incor- 


porates a large LCD meter and two CRT dis- 
plays. Included is satellite navigational system. 


est thinking in interactive control of 
all four wheels. While most of the 
basic technology has already appeared 
on certain production cars, the added 
range on the show cars is unusual. 
Four-wheel steering on the Toyota, for 
example, is not only varied for differ- 
ent speed conditions, but the angle 
changes are induced as well. 

Power plants for the cars appear to 
be just slightly ahead of production. 
For the FXV-II, Toyota installed a 
32-valve 3.8-liter V8, obviously a pro- 
totype of a new engine likely to ap- 
pear in upcoming luxury models. 
Smaller than domestic V8s, the all- 


Volkswagen's Corrado sports car is designed to compete 
with Porsche and may have a supercharged engine. 


aluminum engine features a new sys- 
tem that senses combustion pressure 
to control fuel injection. 

The Toyota car also demonstrates a 
new ceramic coating that acts as a 
defroster and as an antenna for the 
radio. Two cathode-ray-tube displays 
convey driver information and are 
used for a navigational system that 
taps the worldwide global-positioning 
satellite system. 

Subaru's Estremo also uses a near- 
production six-cylinder horizontally 
opposed engine and a twin-turbo that 
features a computer controlling both 
output and the torque split between 
the axles. It’s more powerful but sim- 
ilar in concept to Subaru's new flat- 
six for 1988. 


Hot VW 


Volkswagen AG plans to launch its 
new high-performance Corrado sports 
Continued 
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баш Alive When You See 


When you look at 6,000 years of history in 
chronological order—on a chart almost three 
feet high and eight feet long— important dates 
and events just seem to fall into place! 

Never has there been a clearer, more 
concise overview of our history, archaeology, 
theology and mythology than with The World 
History Chart from International Timeline, Inc. 

Test your talent for historical trivia. What 
do the Great Wall of China and the Chin 
Dynasty have in common with the Roman 
Empire? When the Normans migrated to 


Northern France, where did they come from? 

The „orld takes on new dimensions as 
you witness the development of 15 major 
civilizations from 4,000 B.C. to the present. To 
fully understand the scope of information on 
the Chart—picture U.S. history as just two 
inches over the space of eight feet of time! 

This invaluable teaching and reference tool 
has taken years to compile. Its easy-to-read 
format appeals to everyone from the casual 
admirer to the scholar. 

The World History Chart has been on 
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display in the Library of Congress. Now, you 
can have your own for just $29.95 (U.S. 
currency) plus $5.00 for shipping and handling 
($34.95 each). Add $15.00 for each laminated 
chart ($49.95). Simply call toll-free 1-800- 
621-5559 (1-800-972-5855, in Illinois), and 
charge it to your MasterCard, VISA or Choice. 
Or, complete the coupon below and mail 
with check or money order payable to: 

International Timeline, Inc., 2565 Chain 


Road, Vienna, VÀ 22180. (Virginia residents 
add 4% sales tax. Outside U.S. add $10.00 instead of $5.00 for 
shipping and handling. Allow 4-6 weeks for delivery.) 


| Send to:. Yo ero mmm Е 
(please print) 
CIV даш 
Enclosed is - check. — money order for $ 


Please send me the World History Chart for $29.95 (U.S. currency) 
plus $5.00 for shipping and handling for each chart ordered ($34.95). 


i 

6,000 Years Of History At A Glance For Only 29.95! | 
—— ДЕЕ. ИШИ ЧИ 

| 


__ Address: 


EID И # Of Charts Desired: 


“Add $15. 00 for each EEE Por ($49.95). Outside U.S. include 
an additional $5.00 for shipping and handling. 


Laminated Unlaminated 


Checks payable to: International Timeline, Inc. | 


L“ rginia residents add 4% — Please allow 4-6 weeks for delivery. PS-6 


2565 Chain Bridge Road, Vienna, VA 22180 
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|car in Europe next spring, with the 


| for the Corrado, however. A 


| Golf may get the G-Lader even 


car arriving on these shores in 1989. 
Designed to compete against low- 
priced Porsches, the Corrado may also 
be equipped with VW's new G-Lader 


| supercharger, a crankshaft-driven 


blower that uses two meshing spirals 
to compress intake air. Already run- 
ning on some small-displacement VWs 
in Europe, the G-Lader is re- 
portedly smoother and quieter 
than the Rootes-type supercharger 
system. 

U.S. buyers may not have to wait 


four-wheel-drive rally-type 


sooner, 


Run-flat van 


A run-flat tire design from 
Goodyear Tire & Rubber Co. was ' 
demonstrated in Frankfurt on а ' 
new Ford concept van. Based on the 
tire-within-a-tire concept, the Good- 
year run-flat has a reinforced, ribbed 
inner structure that is supposed to re- 
tain air if the standard outer shell is 
punctured. 

The ribs on the inner shell are in- 
tended to dissipate heat. The "exte- 
rior" tire is based on a unidirectional 
high-performance tread design. 

Its the second appearance for the 
Goodyear tire on a concept van in the 
past year, an indication that car mak- 
ers are becoming serious about a pro- 


| duction run-flat tire. But so far, prob- 


lems with weight and heat buildup 
have inhibited putting a run-flat tire 
into production. 

Ford's concept van also demon- 
strated a Goodyear air-suspension 
system, adapted from that on the 
Lincoln Continental. Replacing the 
springs with air bags allows control 


| of ride height by varying the air pres- 


sure in the vehicle, particularly handy | 


for vans that have to handle well both 
loaded and unloaded. 


Goodyear's run-flat tire uses a separate 
inner chamber. 


Mighty Mazda 


Mazda Motor Corp. has launched a 
high-performance four- wheel-drive 
323 to complement a turbocharged 
two-wheel-drive GT introduced in the 
U.S. earlier. 

Both cars share an intercooled, 
turbocharged 1.6-liter four-cylinder 
engine that generates 132 horsepower, 


| compared with the base engine's 82. 


To add four-wheel drive, Mazda uses 
a center differential for a full-time on- 


| road system. An electric locking de- 


vice enhances the off-road perfor- 
mance by maintaining traction with 


| one axle on a slippery surface. Disc 


brakes on all four wheels, ventilated 
in front, and 14-inch wheels complete 


the potent package. 
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| Mazda 323 four-wheel drive uses a center differential for on-road performance. | 


Corvette’s electronic future 


Work on an active suspension for a 
future Corvette is in its “second gen- 
eration,” but still too expensive for 
production, says Corvette chief engi- 
neer Dave McClellan. 

Closer to market is a new electron- 
ically controlled shock-absorber sys- 
tem that provides variable damping 


| | based on speed and road conditions. 


It will be similar in principle but more 
sophisticated than the variable damp- 
ing currently offered on some Ford and 
Japanese products, McClellan says. 

Also near production is a new, high- 
powered specialty Corvette with 
a modified body, wider track, and 
a Lotus-modified V8 approaching 400 
horsepower. This Corvette is distinct 
enough to qualify as a brand-new 
model, but Chevrolet now expects to 
sell it as a pricey high-performance 
option. 


Stop that Sunraycer 


"I wish he'd given us a speeding tick- 
et," said a General Motors Corp. offi- 
cial after an Arizona highway patrol 
car had stopped GM's solar-powered 
race car while it was being tested near 
Phoenix for the trans-Australia race. 

Turns out the patrolman observed 
the weird car going by (it has a 
gold-plated canopy that makes it dif- 
ficult to see the driver) and thought 
it was unoccupied, possibly radio- 
controlled. 

Not so, but a speeding ticket would 
have meant a new speed record for the 
vehicle, which recently set the solar- 
powered-car world record [What's 
News," Dec. '87]. “Over fifty-five would 
have been something," mused the GM 
official. 


Night-vision Blazer 


GM has been quietly testing some far- 
out night-vision systems developed 


| originally for combat by its subsidiary, | 
| Hughes Aircraft Co. 


Ап experimental Blazer equipped 
with the system turns areas far out 
of range of its headlights into a nega- 
tive image, with a clear view of the 
road ahead, says an engineer who par- | 
ticipated in a system demonstration. 

The extremely high cost of the full 
night vision makes it prohibitive for 
the family car at the moment, but 
Hughes has hopes that the cost of a | 
simplified system can come down in 
the future. Meanwhile, a simplified 
backup alarm that detects objects be- 
hind a car is likely to be on the mar- 
ket in the next few years. 
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Sup er Option 
Discount ackage 
4WD ЈР1 


* Pioneer Trim Package including 
white spoker wheels and P205 black 
sidewall tires 

* Power Steering 

* Intermittent Wipers 

* Dual Mirrors 

* Rear Step Bumper 

* AM/FM ET Stereo Radio 

* Tinted Glass 

* Sliding Rear Window 


Save 51200 


Super Option Discount 
Packages with similar sav- 
ings" are available for all 
two-wheel drive or four- 
wheel drive, longbed or short- 
bed, Pioneer, Laredo, Chief, 
and new Eliminator Coman- 
che models. So no matter 
which Comanche you choose, 


“Comanche, load ‘it: with 
e process. 


Super Option 


( pickup : when: you can: 


Super Option 


Discount ackage Discount Package 


2WD JP1 


* Pioneer Trim Package including 
white spoker wheels and P205 black 
sidewall tires 

* Power Steering 

* Intermittent Wipers 

* Dual Mirrors 

* Rear Step Bumper 

* AM/FM ET Stereo Radio 

inted Glass 
* Sliding Rear Window 


Save *1000 


you'll save. And best of all, 

you ll be investing in an 

American legend: Jeep. 

For futher information, call 

toll-free 1-800-JEEP-211. 

*Savings based on sticker price of 
package compared with options pur- 


chased separately. - 
Buckle up for safety. 


Only in a Jeep. Comanche 


2WD JP2 


* 4.0 Litre Power-Tech Six, the most 
powerful engine in its class 

* Manual 5-Speed Overdrive Trans- 
mission 

* Pioneer Trim Package including 
white spoker wheels and P205 black 
sidewall tires 

* Power Steering 

* Intermittent Wipers 

* Dual Mirrors 

* Rear Step Bumper 

* Gauge Group 

ilt Steering Wheel 

* AM/FM ET Stereo Cassette 

* Tinted Glass 

* Sliding Rear Window 


Save *1200 
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Discount Package 
AWD JP2 


* 4.0 Litre Power-Tech Six 

* Manual 5-Speed Overdrive Trans- 
mission 

* Pioneer Trim Package includes white 
spoker wheels and P205 black side- 
wall tires 

* Power Steering 

* Intermittent Wipers 

* Dual Mirrors 

* Rear Step Bumper 

* Gauge Group 

* Tilt Steering Wheel 

* AM/FM ET Stereo Cassette 

* Tinted Glass 

* Sliding Rear Window 

* Conventional Spare Tire 

* Skid Plate Package 


Save *1200 


By JACK KEEBLER 
and DAN McCOSH 
Photos by Greg Sharko 


| hopping-center safaris may be as 

far off the road as most four- 

wheel-drive utility vehicles ever 

get, but their rugged simplicity has 

made them one of the fastest-growing 
groups of vehicles in the U.S. today. 
At first glance the utilities seem like 
an end run around advanced technol- 
ogy. Rough-rider image aside, most 


ч. 


J жалы pee аі 


L! d 
* ww 
: — 1. 
Г - 4 — 
P: 
Ea 


suffer from a choppy ride, weak han- 
dling, high interior noise levels, and 
mediocre fuel economy—drawbacks 
easler to ignore when their off-road 
capability can be fully utilized. But 
the biggest shock can be the price tag. 
Fully equipped utility vehicles now 
reach up to the $35,000 Range Rover; 
even a medium-priced Jeep Wrangler 
goes for $14,000. And the Ford Bronco 
П and Chevrolet S-10 Blazer have base 
prices of more than $13,000. 
Enter the bargain 44s. 


Meadow meandering (front to rear): Mitsubishi Montero, Jeep Wrangler, Isuzu Trooper II, and Suzuki Samurai. 


um 


Simple four-wheel-drive vehicles provide off-road fun, foul-weather security, low cost, and 
heavy-duty construction. But there are some noise, ride, and handling shortcomings. 


The Suzuki Samurai has become a 
staple of the California beach scene 
by virtue of its intrinsic cuteness and 
low cost; the JX version we tested has 
a base price of less than $9,000. The 
copyright Jeep—Chrysler’s Jeep/ Eagle 
Division’s Wrangler—today comes in 
a $10,700 base model intended to com- 
pete directly with Suzuki. Larger and 
with a closed body rather than the 
classic canvas look are the Isuzu 
Trooper and Mitsubishi Montero, both 

Continued 


The Montero (top left) proved to be a 
poor performer in our maneuverabil- 
ity tests. The Wrangler (top right) felt 
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No-frills four-wheel drive Continued 


like a British sports car as it squirted 
around the low-speed grid. The Samu- 
rai (bottom) was tops in the brake test. 
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in the $10,000 to $14,000 price range. 

Aside from their low prices, all are 
flat-out off-roaders, in contrast to the 
on-road four-wheel-drive sedans and 
wagons currently offered. It's this off- 
road capability that gives them their 
bulldog-like cuteness, a major part of 
their appeal. But their looks reflect a 
few basic principles at work, all aimed 
at enhancing their ability as moun- 
tain goats. The caveat in their design 
is that engineering for mountain 
roads makes for some drawbacks on 


the highway. 
Suspension compromises 


The Samurai and Wrangler take the 
most basic approach. Both are essen- 
tially metal tubs with one-piece axles 
suspended by antiquated leaf springs. 
The solid axles are favored for two rea- 
sons: They are basically rugged, and 
when a wheel hits a bump, the center 
differential is lifted up, adding ground 
clearance. The leaf springs are favored 
because they are cheap. (The Range 
Rover, where money is no object, uses 
a complicated series of links to allow 
coil-spring suspension but sticks to the 
solid-axle layout.) 

The vehicles use an extremely short 
wheelbase, so the steering wheels can 
make sharp turns with narrow steer- 
ing angles. Aside from enhancing 
maneuverability this means simple 
Cardan universal joints can be used 
on the front axle; they're cheaper and 
more durable than constant-velocity 
joints used on most front-wheel-drive 
cars. 

The Trooper and Montero, both 
based on standard pickup truck chas- 
sis, go a step further, with independent 
front suspensions using A-arms, swing- 
ing drive shafts, and a differential at- 
tached to the frame. Theoretically, 
this makes for better handling and a 
smoother ride, but could lower ground 
clearance in rough going as the chas- 
sis dips in the hollows. It also demands 
several constant-velocity universal 
joints, potentially expensive to service. 

All four have stiff springs designed 
to keep the axles or suspension mem- 
bers from hitting the frame on stiff 
bumps. This is fine for off-roading, but 
past experience with utilities left us 
with the impression that these design 
features also have the potential to 
churn butter from cream left in the 
front seat. 

Thus it was with some trepidation 
that we approached what turned out 
to be a month getting road friendly 
with the quartet, including instru- 
mented tests at Stewart Interna- 
tional Airport, off-roading on upstate 
New York trails, and commuting. 
This gave us ample opportunity to 
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The new FIX IT YOURSELF series 
from TIME-LIFE BOOKS, the experts 
who ve sold over 60 million how-to 
books, makes it easier to fix things 
around the house from start to 
finish. First, problems are easier to 
diagnose, because unique Trouble- 
shooting Guides in each volume list 
symptoms and possible causes and 


lead you to the right solutions. 
Then, detailed apran diagrams 
point out where each part belongs 
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You're told which tools voti need. 
Even how to handle an emergency. 

This depth of detail sets the FTX IT 
YOURSELF series apart from other 
do-it-yourself books. You'll save time, 
energy and money because you'll 
know what to expect every step of 
the way. And beable to solve new and 
difficult repair problems as confi- 
dently as a pro. 

With FIX IT YOURSELF you can 
repair a washing machine. Rewire a 
lamp. Shore up a sag ceiling. 
Repair a drywall panel. ра 
door. And much, auch more, maii 
and outside the house. 
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to make your repair jobs easier. 
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Try the first volume, Major 
Appliances, free for 15 days. When 
you decide to keep it, pay only $12.99 
($16.99 in Canada), plus shipping 
and handling. Then, about чу 
other month, you'll receive another 
ЕІХ IT YOURSELF book on the same 
free, 15-day trial basis. Books like 
Kitchen & Bathroom Plumbing, 
Lighting & Electricity, Basic Car 
Care and Walls, Ceilings and 
Woodwork. Keep only those you 
want. Cancel anytime with no 
obligation. | 

To receive your copy of Major 
Appliances, mail the attached reply 
card today. 


Large, crystal-clear illustrations lead you through 
repair Jobs step by step. 
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experience strengths and weaknesses. 

Maybe we're getting too old to rock 
and roll, but the teen's dream ma- 
chine, the Suzuki, quickly fell to the 
bottom of our list. First, there's the 
ride. The Samurai pitches back and 
forth on a short wheelbase and rigid 
axles front and rear. Even on smooth 
pavement, it rocks like a baby buggy; 
on rough roads it's just painful. 

Then there's the steering. In a word, 
its vague. It takes a lot of cranking 
back and forth just to approximate 
aiming the vehicle at a spot 50 feet 
ahead. Passing is a waiting game; in 
our 0—60-mph acceleration tests the 
samurai was slowest at 19.5 seconds. 
Faster traffic (just about anything else 
on the road) dodges around you as if 
the Samurai were a traffic cone. Try- 
ing to keep up by fast throws on the 
shift lever results in a cacophony of 
gear whine and engine howl. 

This shouldn't have been a big sur- 
prise, considering the Samurai's ori- 
gins as a Japanese forest-service 
vehicle powered by an oversize motor- 
cycle engine. The version sold in the 
U.S. has a 1,200-cc engine roughly 
three times the size of the original, 
but it's still tiny by U.S. standards. 


Good points, drawbacks 


On the plus side, the Suzuki's fit 
and finish are quite good. The canvas 
top kept even the fiercest rainstorms 
on the outside, and the air conditioner 
yanked down the cabin temperature 
with surprising speed. Then again, 
halfway through our month-long test 
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through the maneuverability test. 


period the seat cushion seemed to turn 
into a bag of well-cooked oatmeal with 
the contour of a baseball glove that’s 
spent the summer catching fast balls. 

The Samurai's body jabs had some 
parallels with the “real Jeep,” Chrys- 
ler's Wrangler, but even the Wrangler's 
harsh, jerky ride was an improvement. 
We asked all the makers for bare- 
bones models, but none responded 
quite so exactly as Chrysler’s Jeep Di- 
vision. The Wrangler arrived without 
an air conditioner, radio, or rear- 
passenger-area carpeting. Not even 
wind-up windows. The cheapest soft- 
top option has plastic side curtains 
that zip open and closed; these made 
the coin toss at toll booths awkward. 

Yet despite the high interior sound 
levels and truly spartan cabin, there 
is a simple honesty about this ma- 
chine. Assembly was faultless. Think 
of the Wrangler as one of the lowest- 
cost convertibles on the market, and 
it begins to look like a bargain. 

The two interpretations of the basic 
utility breadbox fudged our request 
for low-ball models. At $14,800, the 
Trooper was the furthest from the 
mark. Likewise, the Trooper adds to 
its usefulness by being the only four- 
door. The extra entry ports make load- 
ing children into car seats easier. For 
loading cargo, the Isuzu also had the 
other vehicles beat, due to its long bed. 
The rear bench folds up against the 
back of the front buckets, leaving a 
long, flat, tall loading area. 

Mitsubishi Montero, identical to the 
Chrysler-distributed Dodge Raider, 


was best able to tread the line between 
an ultimate off-roader like the Wran- 
gler and the mushy civilian-style four- 
wheel drive like the Isuzu, or for that 
matter, big domestic sport utility ve- 
hicles. Hence, it was a favorite. 


In their element, they shine 


But it’s when the pavement ends 
that what seems like weaknesses on 
the street become blessings. Taking 
the Jeep Wrangler just a few hun- 
dred feet down a sandy back road, we 
switched into the four-wheel-low 
range. Immediately, the Jeep was in 
its element. Loose rock, deep sand, and 
slick mud spat out the back in a noisy, 
smoky cloud of progress. Then we 
forded a fast-moving stream and 
scrambled up the steep muddy bank 
on the opposite side. Tough, maneu- 
verable, and simple, this vehicle is a 
terrific off-road tool. 

Next we mudded the Suzuki Samu- 
rai. It’s also a terrific off-roader; but 
without power steering, Samurai own- 
ers had better have big biceps. At low 
speeds on sandy trails, we worked up 
a sweat cutting around rocks. And 
with only 74 pound-feet of torque at 
a relatively high 3,500 rpm, the gear 
shift has to be stirred frequently to 
remain within the power band. Also, 
the Suzuki had manual hub locks, 
which can make for a wet, sticky ex- 
perience if you forget to set them be- 
fore you get stuck in the mud. 

Of the two larger vehicles, the 
Mitsubishi Montero is almost the 
equal of the Wrangler when it comes 
to hitting the dirt. But on exactly the 
same off-road course, the Montero 
seemed to run out of steam in spots 
over which the lighter Wrangler scam- 
pered easily. On the plus side, the 
Mitsubishi's independent front sus- 
pension soaked up rough areas that 
jounced and bounced the Jeep. 

The Isuzu Trooper will go nearly 
anywhere the others will go, but it will 
hammer down rough trails with less 
thump, bump, and pitch than the 
shorter, more stiffly sprung competi- 
tion. On anything except the rough- 
est trails, the Trooper would certainly 
be our choice. Its seating is comfort- 
able; its four-wheeling lever moves 
smoothly through the gates; and its 
perfect paint was so good it made us 
wince when we scratched by bushes. 

Once our expedition ended, we 
headed to our regular test cycle at 
Stewart. Granted, doing track tests on 
a four-wheel drive is like trying to 
cross the Baja in a Ferrari Daytona. 
It simply shows up the vehicle's weak- 
nesses in an environment for which 
it was not designed. Regardless, the 
bright yellow warning signs on the in- 

Continued 
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No-frills four-wheel drive continued 


POPULAR SCIENCE TEST RESULTS 


strument panels made the point that 
utilities can be tricky when pressed 
hard. We were mainly interested in 
whether their quirks were at least 
tolerable. 


- - TUNE R X ad F3 
Acceleration runs quickly confirmed | Ned m | A we NS efe 
= * 033 сетегапоп (sec, 
our impressions of available power off пое | ig 4.32 4.45 3d 
the road. The Wrangler, at 15 seconds 29:89 ы т z el XX 15.0 15.9 | 19.5 
" | -— ! las. d к rake test, 60— mph 
0 60, was quickest by far, the biggest Stopping distance (ft.) .....| 180 #72 E tes 
surprise being that the 2.5-liter four- Pedal pressure, cold (Ibs.) | 
cylinder was only 0.6 second slower ыз E ace B 16 15 20 
than the optional 4.2-liter in-line six (0.8.6 sec ak ЁТ 24 17 20 13 
we tested earlier. Slightly slower was E = ана Res m 284 s беч de 
i à aneuverability test (mph) | 29.! 0. 28. 
the Montero, just 0.9 second behind | interior noise (dBA) | 
the Wrangler, reflecting the additional ДҮ Ийе aaa 51 61 56 52 
A BOER чыдашы] 73 83 73 81 


200 pounds in body weight. 
The gap widened with the Trooper, | FFA FUEL MILEAGE (mpg) | 
which we clocked at 17.8 seconds. (We | Gp ~~ Se 16 17 i 59 

tested a 1987 Trooper because ап '88 
wasnt available for our test date. The Dimensions апа 5рес< 

'88 substantially upgrades the 2.3-liter 
engine with a 2.6.) Last came the 
Suzuki Samurai, with its 19.5-second 
average. 


DIMENSIONS (inches) 
Wheelbase | 104.3 93. 92.5 
Overall length 175. 52. 157.3 
| Overall Width |. 65.0 : 66.1 
Overall height l ; | 72.8 


SPECIFICATIONS (as tested) | | 
Engine type ............................. line In- | In-line 4 
| Displacement (cu. in. liters) . : 2.4€ 156/2.5 


79.9 
135.0 
60.2 
65.6 
Brake power 
In-line 4 


The Samurai provided a pleasant 81/1.3 


surprise in our brake tests, however, 
stopping with good control in 162 feet. 
That belies the usual belief that short 
wheelbases are unstable under hard 
stopping conditions. The Wrangler, on 
the other hand, stopping in a respect- 
able 172 feet, was a handful. As with 
the Wrangler we had tested earlier, 
keeping it centered in the braking 
lane took lots of fast steering correc- 
tions. Both the Trooper and Montero 
took long slides through the lanes: 180 
and 185 feet, respectively. That's too 
long for vehicles that must also do 


| Compression ratio . sid 
Induction... Dy ain 
Net horsepower @ rpm ..........| 
Net torque (Ib.-ft. етт . 


Transmission . 
Final drive ratio . 


Steering sss 


Turn diameter (ft.) .............. | 
Front suspension .................... 


Rear suspension ................... 


Brakes .. 
Curb weight (Ibs.) . 


.| Semi-elliptic 
cucus | Disc-drum 
| 3,421 
| F/Rweight distribution (%) .. 
Fuel tank (gal.) . 


n.a.* 
21.9 


117 @ 5,000. 
135 @ 3,500 


8.7:1 
2 Bbl. 


109 @ 5,000 


142 e 3,000 
5-speed manual 
4.63:1 

Power, 
recirculating 
ball 

34.1 
Independent, 
double wish- 
bone with 
torsion bar 
Rigid axle 

with leaf springs 
Disc-drum 


3,185 


50/50 
15.9 


8.9:1 
2 Bbl. 

64 @ 5, 500 
74 @ 3,500 
5-speed manual 
3.46:1 
Manual, 


| ball nut 


16.7 
Solid axle 
with leaf 


Solid axle 
with leaf springs 
Disc- drum 
2,094 

п.а. 


| 10.6 


Trunk volume (cu. ft.) | 71.3** 43.2** 62.3 
Base price | $13,599 | $10,6 $ 9,889 
Price as tested (less freight) .! $14,819! $10,694 $11, ‚205? 


п.а. 
$ 8,945 
1 $ 8,945 


street duty. 

High-speed handling is the most 
controversial element of an off-roader's 
design. The solid axles used on the 
Wrangler and Samurai are prone to 
roll-steer, which occurs when a vehi- 2 ' 
cle leans in a turn and the rear axle Parts and service 
takes an angle that sends it to the out- پپپ س‎ | 
side of the corner. From behind the 
wheel, this makes the rear end feel 
as if it is chasing the front. AMC, 
which redesigned the Wrangler two 
years ago, relocated the leaf-spring 
hangers and lowered the center of 
gravity of its Jeep to reduce this ten- 
dency. This showed up in our high- 
speed lane-change test as predictable, 
steady understeer, as the Wrangler Е ОА Шу 
clipped through in slightly under 60 SX лт 
mph—considerably slower than the PS serviceability ratings 
earlier Wrangler, which managed 63 l — 
mph in the same test. | 

The Suzuki was the lane-change 
champ in overall speed with 61.3 mph, 
mainly due to its narrow track. How- 
ever, although a line could be found 
where the Samurai would carve a 
steady arc through the cones, it was 

Continued 


Major options (over $100) A/C $740, rear seat $480; “A/C $737, SP package $329, stereo $202 
* n.a.: not available at press time 
** with rear seat folded 


PART PRICES (manufacturers! suggested. be | 
Brake. pads, front. doe ass ds e $ 38, | ies оз + 
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If you've got the 
start your own business, 
eot the training to get you there 


Two Top-Paying Opportunity 


Fields Wide Open for 
Trained Specialists 


Everybody wants to get ahead, but most 


people don't know where to start. Now, NRI 


not only shows you the opportunities for good 


money, advancement, even a business of 


your own, but gives you the skills you need Gp 7 


to get there. No night school, no need to 
quit your job until you're ready to make 
your move. NRI trains you right at home 
in your spare time. 


No Experience Needed 

NRI starts you with the basics, then 
builds your knowledge and skill a step 
at a time, all the while adding practical 
know-how through hands-on training. You 
even get tools you'll need in the business. 
Over a million and a half students have 
trained the NRI way since 1914. 


Learn Building Construction 
and Remodeling 

Get the know-how you need to 
become a foreman, supervisor, or contrac- 
tor yourself with NRI's Building Construc- 
tion course. Housing starts are up, and that 
means big profits waiting for successful 
builders. Over 18 million families will be 
buying new homes in the next 10 years 
alone. 


Includes Plans for an 
Energy-Efficient Home 

Using actual plans for a highly market- 
able, energy-efficient home, you learn how 
to plan and supervise its entire construction. 
You actually frame the house in miniature 
and construct a framing section in full scale. 
You're even given the opportunity to attend 
an industry-acclaimed owner/builder 
seminar led by expert builders. 


Over 100 Hands-On Training 
Projects 


NRI's easy-to-digest lessons and 
projects teach you the skills and profes- 
sional secrets of carpentry, masonry, roof- 
ing, even wiring and plumbing. You'll end 
up with the know-how to deal with all the 
building trades, the skill to handle part or 
all of the job yourself. You'll be ready to 
move up in the lucrative building industry 
or simply move up to the home of your 
dreams—and save 10% to 50% by building 
it yourself. Check into building construction 
as your opportunity field. Fill out and mail 
the coupon today. 


m E os 
en E 


ve to 


К% 


pick up extra income in your spare time, 
even start a business of your own. 
You're ready to jump right in because 
NRI includes the tools you need. . . 
system analyzer, leak detector, tub- 
ing and joint tools, even a top-quality 
vacuum pump for purging systems. 
Graduates of our Master Course 
also get optional resident training 
at the world-famous Borg- 
Warner Institute in York, Pa. 
Fill out coupon and send for 
the free NRI catalog to get all the 
facts on this wide-open field. See 
where your future lies in air 
conditioning, refrigeration, 
and heating. 
Get Ready for 
Tomorrow 
Pe» Are you ready 


a end 
ЕА 


Building Construction i "i for the oppor- 
lane А.к. MÀ СЕ tunities and 
Learn Air Conditioning, good money 
Refrigeration, Heating | = лүе с» that come 
Today, few homes or commer- as e ED vit 


cial buildings go up without central 
air conditioning. Millions of win- 
dow units in older homes require 
maintenance and repair. Heat 
pumps have become so popular, 
they're now as common as fur- - Г T u AN SE 
naces. And commercial refrig- “jee Тї = A — 
eration calls for skilled technicians NNNNNS 2 WW, NEU — o 
to install and service walk-in coolers *w 
and freezers, ice makers, and food à 
cases. It all adds up to tremendous oppor- 
tunity for the trained air conditioning, 
refrigeration, and heating technician. 


Training Includes Professional Tools 
NRI trains you for this lucrative field, 
gets you ready to land a good-paying job, 


» У X ч 
Air Conditioning, Heating, & Refrigeration 


expert skills? Then send for NRI's free 
catalog. See the quality training you get, 
the hands-on projects you do, the 
professional tools you train with, and the 
future that awaits you. Act today. 


SEND COUPON TODAY FOR FREE NRI CATALOG! 


Afro ...... 


| PUR 
McGraw-Hill Continuing Education Center My 
3939 Wisconsin Avenue, Washington, DC 20016 Bal ii 


We'll give you tomorrow. 
W CHECK ONE FREE CATALOG ONLY 


For Career courses 
approved under bl bill | 


[ ] check for details. | 


L] Satellite Communications 


' L.] Bookkeeping and Accounting | 
LJ Industrial Electronics 


C] Electronic Design 


Г] Building Construction Г] Data Communications Technology | 
C Computer Electronics with C] Digital Electronics ! 

Refrigeration, & Solar Technology Microcomputers C] Communications Electronics | 

[ ] Telephone Servicing LI Robotics & Industrial Controls Г Basic Electronics | 
[C] Locksmithing & Electronic Security — | Color TV, Audio, and Video |_| Appliance Servicing | 
ÛJ Small Engine Servicing System Servicing C] Automotive Servicing | 


Name (Please print) 


| 

| 

| 

: C] Air Conditioning, Heating, 
| 

| 

| 

| Street 


Age | 


No-frills four-wheel drive 
Continued 

easy to induce plowing, followed by an 
abrupt rear-end swing at far lower 
speeds with less-than-smooth steering 
input. 

The two cars with independent front 
ends were basically more predictable, 
as the front-end geometry reduces the 
changes in camber during hard cor- 
nering inherent in solid-axle utilities. 
The best combination of speed and 
| control was exhibited by the Montero, 
which took second place with 60.4 
mph and good steering accuracy. The 
Trooper was pulse-quickening, with 
excessive body roll, swaying through 
the cones at 58.4 mph. 

In the low-speed maneuverability 
test, the Suzuki was the champion, 
again because of its narrow track and 


WORLD’S FOREMOST 
OUTFITTER 
FISHING, HUNTING, OUTDOOR GEAR 


CATALOG SUBSCRIPTION 


Rods . . . Reels . . . Lures . . . Boating 
Camping . . . Outdoor Clothing . . . Hunting 
. . Gifts . . . and Much More! 


ГА a 


; mime’ mM |/] Yes, Please Send My Free Subscription. i the extra-smooth test surface. The 
! | Jeep was next by virtue of its light, 
i NAME ! quick power steering and enough low- 
ج ج ج > س‎ І end torque to spin the rear tires and 
| aooRESS —__ | ADDRESS —____ | | provide throttle steer. Third place was 
i | claimed by the Isuzu, a surprise соп- 

UNa E Ma sidering its poor showing in the lane 
"atire - ! change and its extra length. Tall and 
i BE. s o ___. эй... i tippy on its trail tires, the Mitsubishi 
ı MAIL TODAY TO 897-8015 ! did not feel comfortable when mak- 
j RESERVE YOUR Sidney i ing the quick changes in direction that 
Maga ISSUE! | Nebraska 69160) the slalom requires. 


| Authors’ choices 


Overall, my favorite was the Mon- 
| tero, which had the best combination 
| of comfort, handling, and off-road ca- 
pability. Underneath, the Montero has 
the huge steel tube and box-style 
frame members and the independent 
| front suspension of more expensive off- 
roaders. With a slightly less aggres- 
sive tread pattern on the tires, the 
Montero would provide the interior 
quiet and ride of a modern sedan with 
close to the same trail-ride toughness 
of the most rugged off-road vehicles. 
But there's still a soft spot in my heart 
for the real Jeep. The Wrangler is one 


Industry Leader 


Builder? Do-it-yourselfer? This Tri-Steel training and support. 


is your opportunity to start a profit- For a FREE BROCHURE and of the best out-of-the-box off-road ve- 
able new business! Now you can more facts on how you can become hicles you can buy, if pure utility is 
become a distributor for Tri-Steel— an independent distributor of steel your main Sen ae Е ЛЫ 

America’s largest manufacturer of frame homes, please call Tri-Steel With more personality than Rodney 


strong, energy efficient (R-30), low today, toll free at: 
maintenance steel frame homes. | 

Business opportunities start at 1-800-433 3335 
only $2,950 and are backed by ым К PRA ie 


= Changing the way | 
AREE —— America builds. | L 


Dangerfield, the Wrangler stands out 
as the original, and still best, of the 
basic soft-top four-wheel-drive utili- 
ties. This stripped version emphasizes 
the reasonable performance and sim- 
plicity that is behind these vehicles' 
appeal—something diminished for me 
| when they are overloaded with op- 
| tions, Kudos to the work done on the 
new suspension, which adds a feeling 
| of security that Suzuki should be 
studying. On the other hand, the 
larger hard-body Trooper, while it has 
an unfair advantage, is soft riding, 
with the easy accessibility of four doors 
and passable comfort. In the winter, 
in the real world, these things begin 
to mean a lot.—D.McC. [15] 
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You’ve Got the Whole 
World in Your Hand... 


With Radio Shack’s New 28-Ounce 
Cellular Telephone. A Price 
And Technology Breakthrough 
For People On the Move! 


Make and Take Calls Almost Anywhere! Carry the new 
Radio Shack СТ-300 with you to use at a job site, in a rental 
car, on a service call or while relaxing on a boat. It’s only 11/2" 
wide and weighs just 28 ounces, including batteries. With the 
CT-300 you're always accessible if an immediate response is 
necessary, and you can manage your time more efficiently. It's 
the ultimate security device for help or directions. — | 


А Breakthrough іп Technology! The Radio Shack CT300 e 
| gives you all the convenience of a full-featured cellular phone 
in a truly portable size. High-energy batteries deliver up to 15 
hours зел ог r1 2 hours of tal t time on one —— А nd 


Keep In Touch When You’re Out Of Your Office, Home or Саг 


Radio Shaek | 


The Technology Store” 


A DIVISION OF TANDY С 


Grateful Dead: In The Dark « Touch Of Grey, 
Hell In A Bucket, West L.A. Fadeaway, Black 
Muddy River, etc. Arista 163214 


Rachmaninov, Piano Concertos Nos. 2 & 
4 • Vladimir Ashkenazy, piano. Concertge- 
bouw Orchestra/Haitink. 
London DIGITAL 


Tina Turner: Break Every Rule « Two Peo- 
ple, Typical Male, Back Where You Started, 
etc. Capitol DIGITAL 113333 


Yes: The Big Generator • Love Will Find A 
Way, Rhythm Of Love, Big Generator. Almost 
Like Love, etc. Atco 144601 


The Legendary Enrico Caruso • Vesti la 
iubba, Celeste Aida, Cielo e mar, La donna 
mobile, 17 more. RCA 134274 


Decade/Best Of Steely Dan « Rikki Don't 
Lose That Number, Reeling In The Years, Do 
It Again, 11 more. MCA 154135 


Stravinsky, The Rite Of Spring » Detroit 
Symphony/Dorati. "Spectacular sonics. — 
Digital Audio London DIGITAL 115469 


Kenny Rogers: | Prefer The Moonlight 
Make No Mistake She's Mine (w/Ronnie Mil- 
sap), etc. RCA DIGITAL 162743 


Rod Stewart: Greatest Hits • Do Ya Think 
I'm Sexy?, Toni night s The Night, Maggie may, 
Hot Legs, etc. Warner Bros. 779 


The Sound Of Music « Julie Andrews in the 
original soundtrack! Do-Re-Mi, My Favorite 
Things, more. RCA 100046 


Starship: No Protection » It's Not Over ( Til 
It's Over), Nothing's Gonna Stop Us Now, etc. 
Grunt 163827 


Perry Como: калау фа Making Love To You, 
The Wind Beneath My Wi A The Best Of 
Times, You're Nearer. etc. RCA 114787 


125074 


Duke 
(ЇЇ 


нї 


The Duke Ellington Orchestra: 
Digital Duke 163356 


Dire Straits: Brothers In Arms Money For 
Nothing, etc. Warner Bros. DIGITAL 114734 


Pops In Space « John Williams & The Boston 
Pops. Music from Close Encounters, Super- 
man, Star Wars, others. 

Philips DIGITAL 105392 


La Bamba/Original Soundtrack * Los Lo- 
bos: Donna, La Bamba; more from Brian 
Setzer, Bo Diddley, others. 

Warner/Slash 120062 


Brahms, Symphony No. 1 • Vienna Phil- 
harmonic Orchestra/Bernstein. 
DG DIGITAL 125224 


Elvis Presley: The Sun CD • That's All a 
Good Rockin’ Tonight, Milkcow Blues 
Mystery Train, etc. RCA 272 89 


Kitaro: The Light Of The Spirit • Sun- 
dance, Mysterious Encounter, The Field, In 
The Beginning, etc. Geffen DIGITAL 164228 


Andrew Lloyd Webber, Variations: more 
Julian Lloyd Webber, cello. London Philhar- 
monic/ Maazel. Philips DIGITAL 115473 


Lionel Richie: Can't Slow Downs All Night 
Long, Penny Lover, Running With The Night, 
Hello, etc. Motown 110767 


Tomita's Greatest Hits « Also sprach Zara- 
thustra, Bolero, Pachelbel Canon, Clair de 
lune, 10 more. RCA 53955 


Jimi Hendrix: Kiss The Sky • Purple Haze, 
All Along The Watchtower, Voodoo Child, Are 
You Experienced, etc. Reprise 161349 


Parton/Ronstadt/ Harris: Trio « To Know Him 
Is To Love Him, Those Memories Of You, etc. 
Warner Bros. 114804 


Phil Collins: No Jacket Required « Sus- 
sudio, One More Night, Don't Lose My Num- 
ber, Take Home, Inside Out, etc. 

Atlantic 120771 


| The Cars: Door To Door 


L—————— и и чы И ан т Óá'P 
" T 
- Р Bu 
Ü T. 
(gs As t 
at k а, 
+ 
D 
Е 
a 
; е a в 
| 
| 
| 
ш 


“Whitney Houston: Whitney 
152854 


Fleetwood Mac: Tango In The Night « Big 
Love, Seven Wonders, Little Lies, title song, 
Mystified, etc. Warner Bros. 154048 


Kenny G: Duotones « Songbird, What Does 
It Take (To Win Your Love), etc. 
Arista 144343 


Rimsky-Korsakov, Scheherazade • Vienna 
Phil./Previn. Philips DIGITAL 115415 


Bon Jovi: Slippery When Wet • You Give 
Love A Bad Name. etc. Mercury 143465 


Tchaikovsky, 1812 Overture; Romeo & 
Juliet; Nutcracker Suite » Chicago Sym- 
phony Orchestra. Sollti. 

London DIGITAL 125179 


Strike Up The Band—The Canadian Brass 
Plays George Gershwin Title song, Porgy 
& Bess Suite, more. RCA DIGITAL 160640 


Crosby, Stills, Nash & Young: Greatest 
Hits (So Far)» « Suite: Judy Blue Eyes, Teach 
Your Children, etc. Atlantic 130230 


Bach, Brandenburg Concertos Nos. 1-3 
The English Concert/Pinnock. Archiv 
DIGITAL 115541 


Madonna: Who's That Girl (Soundtrack) 
Title , Causing A Commotion, Can't Stop. 
others. Sire 100761 


Dave Grusin: Cinemagic » Tootsie, Heaven 
Can Wait, On Golden Pond, Goonies, Three 
Days Of the Condor, etc. 

GRP DIGITAL 133316 


The Police: Every Breath You Take—The 
Singles • Don't Stand So Close To Me ('B6), 
title song, Message In A Bottle, etc. 

A&M 173924 


Jimmy Buffet: 5 You Know By Heart 
Greatest Hit(s) • Margaritaville, Come Mon- 
йау, A Pirate Looks At Forty, etc. 
MCA 142157 


Dvořák, Symphony No. 9 (New World) 
Chicago Symphony Orchestra/Solti. "Su- 


perlatively good. —Gramophone 
London DIGITAL 115168 


Eric Clapton: Time Pieces (The Best Of) 
Layla, | Shot The Sheriff, After Midnight, 
Knockin’ On Heaven's Door, etc. 

RSO 123385 


Itzhak Perlman: Mozart, Violin Concertos 


je 3 & 8 тесна Lj eei 
evine. “Ravishing. — Gramophone 
DG DIGITAL 115146 


Whitesnake « Here | Go Again, Still Of The 
Night. Give Me All Your Love, Crying In The 
Rain, Bad Boys, more. Geffen 163629 


Galway & Yamashita: Italian Serenade 
Flute & guitar works by Paganini, Cimarosa, 
Giuliani and others. RCA DIGITAL 173824 


Boston: Third Stage « Amanda, We're 
Ready, Can'tcha Say (You Believe Me), re 
In Love, Holly Ann, etc. MCA 


Pops In Loves John Williams & The Boston 
: Clair de lune, Gymnopédies Mos. 1 & 

2, Pachelbel Canon, more. 
Philips DIGITAL 125230 


161593 


U2: The Joshua Tree • With Or Without You, 
| Still Haven't Found What I'm Looking For, 
Red Hill Mining Town, etc. Island 153501 


Mozart, Symphonies Nos. 40 & 41 (Jupi- 
ter) « Chicago Symphony Orchestra led b 
James Levine. RCA DIGITAL 10481 


Genesis: Invisible Touch « Land Of Con- 
fusion, title song, etc. Atlantic 153740 


Kiri te Kanawa: Blue Skies • Nelson 
Riddle vlr bi ac gai of title song, Speak 
Low, How High The Moon, more. 

London DIGITAL 115035 


Jascha Heifetz: Beethoven & Brahms, 
Violin Concertos « Classic performances, 
recommended by The New York Times! 
RCA 154208 


Steve Winwood: Back In The High Life 
Higher Love, more. Island 153271 


Randy Travis: Always And Forever 
Forever And Ever Amen, Too Gone Too Long, 
more. Warner Bros. 163917 


John Cougar Mellencamp: 
The Lonesome Jubilee 


134420 


Wagner, Orchestral Highlights From 
Wagner's Ring « Vienna Philharmonic’Solti. 
Ride Of The Valkyries, others. 

London DIGITAL 115426 


Mr. Mister: Go Оп • Something Real (Inside 
Me/Inside You), The Border, Stand And De- 
liver, etc. RCA 144127 


Pat Metheny & Ornette Coleman: Song X 
Fusion guitar master and legendary saxo- 
phonist on jazz tour de force. 

Geffen DIGITAL 151992 


Led Zeppelin IV (Runes) « Stairway To 
Heaven, Rock & Roll, Black Dog, Misty 
Mountain Hop. others. Atlantic 112014 


Heart: Bad Animals Alone, Who Will You 
Run To, etc. Capitol 153552 


Strauss, Waltzes • Chicago Symphony’ 
Heiner. Blue Danube, Artists’ Life, Roses 
From The South, 7 more. ROA 104863 


Charlie Parker & Dizzy Gillespie: Bird & 
Diz • Leap Frog, My Melancholy Baby, Mo- 
hawk, Relaxin’ With Lee, etc. 

GRP DIGITAL 173413 


Bryan Adams: Into The Fire • Heat Of The 
Night, title song, more. A&M 153919 


The Jackson 5: Compact Command Per- 
formances « | Want Back, ABC, I'll Be 
There, others. Motown 123865 


U2: Under A — Red өн ү de “Live” U2! 
ars 


Sunday Bloody Su Day, | Will 
Follow, Gloria, etc. Island 763598 


Jazz CD Sampler + Over 67 minutes of jazz, 
with 15 classic performances by Ella, Arm- 
strong, Basie, Getz, etc. Polygram 173406 


125264 


Horowitz In Moscow 


Huey Lewis & The News: Fore!» Hip To Be 
Square, Stuck With You, Jacob's Ladder, 
more. Chrysalis 154570 


Bruce Hornsby & The Range: The Way It 
Is « Mandolin Rain, title hit, more. 
RCA 163918 


Michael Feinstein: Remember/irvin 


Berlin Songs « Alexander's Ragtime Band, 
Puttin’ On The Ritz, Change Partners, more. 
Elektra 153947 


Fleetwood Mac « Say You Love Me, Rhian- 
non, Monday Morning, Sugar Daddy, I'm So 


Afraid, etc. Warner Bros. 104897 
The Judds: HeartLand • Don't Be Cruel, 

Cow Cow Boogie, etc. RCA 160363 
The Bee Gees: ESP « You Win Again, This 
Is Your Life, Angela, Live Or Die ( Me Like 
A Child), Backtafunk, etc. 

Warner Bros. 174247 


Toscanini: Beethoven, Symphonies Nos. 
1 & 3 (Eroica) • NBC Symphony Orchestra. 
Digi itally remastered, sonically brand new! 

154201 


David Lee Roth: Eat 'Em And Smile 
Goin’ Crazy, Yankee Rose, Tobacco Road, 
That's Life, Shyboy, etc. 

Warner Bros. 153814 


James Galway & The Chieftains: In Ireland 
Danny Boy; When You And 1 Were Young, 
е; Carrickfergus; more. 
DIGITAL 124344 


Classic Old & Gold « 20 hits! A Little Bit Of 
Soul, He's So Fine, A Teenager In Love, 
Sweet Talkin' Guy, etc. Laurie 134627 


Lionel Richie: Dancing On The Ceilin 
Love Will Conquer All, Se La, um Git 
more. Motown 


The Glenn Miller Orchestra: In The وت‎ 
Mood • In The Mood, ынга. Сһоо- 
Choo, more. GRP DIGITAL 43293 


The Who: Who's Next • Won't Get Fooled 
coe Baba O'Riley, Behind Blue Eyes, etc. 
MC, 170350 


Orchestre symphony Montréal 


CHARLES › Du TOIT 


` Holst, The Planets/Dutoit 115448 
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START NOW WITH 3 COMPACT DISCS FOR 1¢! 
Yes, pick any 3 compact discs for only a token 1¢ plus shipping & handling. 
You need buy just one more selection at regular Club prices (usually 


$14.98-$15.98).. 


‚апа take up to one full year to do it. That's 4 great 


compact discs for the price of 1 and there's nothing more to buy... ever! 


HOW THE CLUB OPERATES 
You select from hundreds of exciting Compact Discs described in the 
Club's magazine mailed to you 19 times a year. Each issue highlights a 
Featured Selection in your preferred musical division plus alternate 
selections. If you'd like the Featured Selection, do nothing. It will be sent 
to you automatically. If you prefer an alternate selection, or none at all, 
just return the card enclosed with each issue of your magazine by the 


CD607 Compact Disc Club, 6550 E. 30th St., Indianapolis, IN 46219-1194 


GET/ 


COMPACT 
DISCS 

FOR THE 
PRICE OF 


WITH NOTHING MORE 
TO BUY. ..EVER! 


COMPACT DISCS for my T 


plus shipping & handling with Club membership 


smash hit in one year's time. 


Paul Simon: Graceland « You Can Call Me Al. 
The Boy In The Bubble, Diamonds On The Soles 
Of Her Shoes, etc. 

Warner Bros 172315 


COMPACT. 

Discs for the price of one. 
Alabama: Greatest Hits « She And |, Why Lady 
Why, Feels So Right, etc. RCA 120247 


Previn: Gershwin « Rhapsody In Blue, Con- 
certo in F, more. Philips DIGITAL 115437 


Eagles: Gt. Hits, Vol. 1» Take It To The Limit. 
=== One Of These Nights, Take It Easy, others 


i Asylum 123481 
| Elvis: #1 Hits 172190 


— — YOUR SAVINGS START HERE == — 


Beethoven, Symphony No. 9 • M. Price | Mail to: Compact Disc Club — | 
: Horne, Vickers, Salminen. N. Y. Choral Artists | i^ li polis. 46291 
Buddy Holly: From The Original Master Мем York Phiharmonc Mehta | кы Коныров | 
apes • Thali Be The Day, Peggy sue, I'S ВСА DIGITAL 143720 
So Easy, Rave On, etc. MCA 120069 | YES, please accept my membership in the Compact Disc Club апа | 
— Don Henley: Building The Perfect Beast » me the three Compact Discs I've indicated below and bill me for 
Vivaldi, The Four Seasons « Pinnock En- The Boys Of Summer, All She Wants To Do Is | резе на с ч n" ға nd handlina. under the terms outlined | 
glish Concert. Archiv DIGITAL 115356 Dance. Sunset Grill. etc. Geffen 150129 | papel "oy Pee P g i CH at | g. ! Ci b d J ^ | 
in this ad. | need buy just 1 more CD at геди!аг Club prices during the 
Anita Baker: Rapture « Sweet Love, Caught САР Live In Session • Mountain Dance. St | | n v anvthina further! (Shipping & 
Up In The Rapture. Same Ole Love, You Bring Elsewhere, Oasis. The Rit Vanations, etc. GRP | next уен: -Witriout Vgl pone "oup any gum (nipping | 
Me Joy. more. Elektra 173404 DIGITAL 134459 | handling added to each shipment.) 
Peter Gabriel: Sos Sledgehammer Big Dwight Yoakam: Hillbilly Deluxe « Little Ways. RUSH ME TH ESE 3 SELECTIONS (indicate By Number) f 
g Time, In Your Eyes. Red Rain, etc Little Sister, Smoke Along The Track, Johnson's | i шека ала 
f Geffen 114764 Love. etc. Reprise 164146 i | n | D | 
i : | lam most interested in the following type | 
| | of music—but am always free to choose from \ 10 CLASSICAL i 
date specified on the card. You will have at least 10 days to decide, ог 1 both categories (check one only) 2 (31POP/SOFT ROCK 
you may return your Featured Selection at our expense. Cancel your | | 
membership at any time after completing your membership agreement, | OMA i 
тру SY writing: ца. MISS Piet Name — iia Last Name (PLEASE PRINT) | 
FREE 10-DAY TRIAL! aed i 
Listen to your 3 introductory selections for a full 10 days. If not satisfied, | ee i 
return them with no further obligation. You send no money now, so | ch — 2 | 
complete the coupon and mail it today. у | 
eS" 5. | Telephone | 
SAVE INSTANT HALF-PRICE BONUS PLAN | | мез Code | 
% i ; Limited to new members: continental U.S.A. only; one membership 
0 Unlike other clubs, you get a 50%-off Bonus | per family. We reserve the right to request additional information BM i 
Certificate with every CD you buy at regular Club | orreject any application(s). Local taxes. if any, will be added iS | Y | 


prices, effective with your first full-price purchase! 


By STEVEN ASHLEY 


obby Unser is a master auto 
driver, but he’s something of a 
novice when it comes to jet wa- 
ter scooters. And like other beginners, 
he’s discovered that mastering spins 
and other tricks on the Kawasaki Jet- 
Ski, currently the premier “personal 
watercraft,” requires athletic ability 
as well as practice—a process that 
usually involves repeated dunkings. 

That’s why Unser’s first ride on 
Bombardier Inc/s new Sea-Doo water 
scooter was a surprise. “Within thirty 
seconds I was doing one-hundred- 
eighty-degree spins," says the three- 
time Indy-winner and Bombardier 
spokesman. "At the same time, the 
Sea-Doo is very stable." 

My own ride on the Sea-Doo con- 
firms Unser's report. The jet-pump- 
propelled Sea-Doo is easy to operate, 
and its 40-mph top speed keeps you 
interested. The scooter's deep- V-shape 
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hull makes it nimble, though less so 
than the Kawasakis. In high-speed 
turns you can cut tight arcs by press- 
ing down on the lip of the hull with 
your outside foot. Let off on that foot, 
and the machine skids across the 
water surface. 

Even when it's dead still in the 
water, the Sea-Doo is stable. And you 
can cruise around with a friend for 
hours and barely get wet. If you do 
up-end the craft, you'll find that the 
Sea-Doo immediately rights itself. 

The sit-down design of the 365- 
pound vehicle, together with its short 
handlebars, thumb throttle, and eight- 
foot-long glass-fiber body, is reminis- 
cent of a snowmobile. "This is not at 
all surprising since we make Ski- 
Doos," says Pierre Beaudoin, general 
manager of Bombardier's Marine 
Products Division, as we look it over. 
“Мапу people don't realize," he con- 
tinues, “that we introduced the world's 
first water scooter in 1967.” 


Beaudoin lifts the Sea-Doo's seat 
and points to the 580-cc two-stroke 
Rotax engine: "It's a Formula Plus 
snowmobile engine that we've modified 
for marine use." The rotary-valve 
water-cooled aluminum motor pro- 
duces 55 horsepower at 5,500 revolu- 
tions per minute. “We designed it to 
put out enough low-end torque to tow 
two skiers," Beaudoin notes. Add to 
that a direct-drive transmission and 
a dual-orifice jet nozzle that gives bet- 
ter turning response, and you have the 
propulsion package. 

He raises the bow lid to reveal a wa- 
tertight storage compartment for lug- 
gage or refreshments. Beneath the 
tray sits an eight-gallon fuel tank, 
which "gives you about two hours of 
hard riding," Beaudoin adds. 

The new Sea-Doo will be available 
by early spring, priced from $4,000 to 
$4,500, Beaudoin says. Bombardier 
Inc., Marine Products Div., 701, Ave. 
Meloche, Dorval, Que. НӘР 254. Gs! 


NordicTrack 
is the Best... 


Here’s the evidence... 


A major university performance 
laboratory concluded that Nordic- 
Track provided a greater workout than 
an exercise bike or a rowing machine. In 4 separate 
tests, NordicIrack users burned more calories and 
obtained significantly more cardiovascular exer- 
cise than from any other machine tested* 


More complete workout 
than an exercise bike 


NordiclIrack's efficient arm exerciser provides 
upper body exercise missing on a stationary bike. 
NordicIrack's standing position also exercises the 
lower body muscles much more uniformly. By 
exercising all major muscle groups, NordicIrack 
provides a higher total energy output with- 

out fatiguing individual muscles. On an 
exercise bike, your legs do all the work 
while your arms go along for the ride. 


Safer, more thorough exercise 
than a rowing machine 


Unlike rowing machines, NordicIrack's arm and 
leg resistance can be adjusted independently so 
you can set the tension ideally for your arms and 
legs. NordicIrack's standing exercise position 
avoids the lower back pain often associated with 
rowers, while more uniformly exercising all the 
body's major muscles. 


*Scientific Test Results included in NordicIrack Brochure 
©1987 PSI 


Best Way 
to Lose Weight 


Recent studies show that aerobic exer- 
cise is the most effective way to lose 
| weight. And no other exercise machine burns 
more calories than NordiclIrack...so you can 
lose weight faster without dieting. 


Easiest way to the best workout 


_ Experience the best total-body aerobic exercise 
_/ available in the comfort and convenience of your 
| home. Easy and fun to use. NordicTrack occupies 
only 17 x 23 inches of floor space when stored — 
and it unfolds in just seconds. 


Duplicates the world's best exercise— 
Cross Country Skiing. 

"NordicTrack is for everyone who wants the 
| E benefits of the world's best aerobic exercise, 
ЙИШ тоз country skiing. Even if you've never skied 
| (and never plan to), in a few minutes you'll be 
‘tracking.’ The smooth rhythmic motion used 
while on the NordicTrack makes exercising 
pleasant and easy to sustain." Bill Koch 


m ЕЕРЕЕ BROCHURE AND VIDEO | 


Call Toll Free or Write: 


1-800-328-5888 


| In Minnesota: 1-612-448-6987 
| In Canada: 1-800-433-9582 


3 Nordic rack 


The Best Way to Fitness 


ü ЖУЛ А | 141 Jonathan Blvd. North, 


Olylmpic | | 
Silver Medalist | Chaska, MN 55318 


NEW FREE BOOK 
DISCUSSES 


HOW TO 
SELL YOUR 
INVENTION 


Do you have an invention you intend 
offering to manufacturers on a sale or 
royalty arrangement? If so, by all 
means write for our free booklet as a 
guide, whether you do it yourself, or 
employ us to help you. 

It's free for the asking and here are 
just some of the subjects it covers. 

* How to Describe Your Invention so 
Manufacturers will take Notice 

* The Next Step to Take if a Manufac- 
turer Shows Interest 

* Approximate Royalty Rates Man- 
ufacturers are Currently Paying 

e [f Your Invention is Sold Outright 
for Cash 

* Or, Part Cash, Part Royalty 

• Submitting Your Invention Before 
Patenting 

Our reason for giving away information 

we've gathered over our 26 years in this 

business is simply that we hope you 

read it and employ us at our reasonable 

fee rather than do it yourself. But that 

will be for you to decide. 

But understand, we are not promot- 
ers, developers, brokers. Ours is a tech- 
nical service of writing descriptive 
materials for your invention and select- 
ing the right manufacturers who poten- 
tially should be interested in it. The 
materials we prepare are your property. 

We are not patent attorneys. For 
questions relating to proprietary rights, 
searches, patentability, you should con- 
sult a Registered Patent Attorney. 

But back to the booklet. We want you 
as a client but only if, after reading it, 
you think you need us. Otherwise the 

v will show you how to do it your- 
self. 

Use the coupon below. We'll rush the 
booklet to you. No obligation whatever. 
(But please no drawings or models at 
this point.) 

REFERENCES: Your own bank, at- 
torney or Chamber of Commerce. 

Mail the coupon Today. Please en- 
close $1 for postage and handling. 
Kessler Sales Corp.,Dept. D-71 Fre- 
mont, Ohio 43420. 


F MAIL THIS COUPON 1 


{ Mr. К. О. Kessler, President i 
i Kessler Sales Corporation i 
Dept. D-71 Fremont, Ohio 43420 

Please mail me the FREE booklet explaining Й 
how to go about selling my invention. This f 
does not obligate me in any way. I am enclos- 

ing $1 for postage and handling, so rush the i 
booklet by return mail. 


Name 
Street Address 
City State Zip 
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ay, Smokey—" 


A clinic on cars by Smokey Yunick, America's most famous mechanic 


Front-drive durability 


I am in the market for a quality used 
car. Because I live in the heart of the 
snowbelt, I thought front-wheel drive 
was the only way to go. But after I 
talked to several dealers, I found that 
in 90 to 95 percent of all the used 
front-wheel-drive cars traded, the front- 
wheel bearings and major drive-train 
components have to be replaced. The 
added traction offered by front-drives 
would be helpful in Nebraska winters, 
but now I am forced to worry about 
their durability. Could you tell me if 
there are actually that many problems 
with front-wheel-drive cars? 

Jeff Stiles, Omaha, Neb. 


As long as they have had good main- 


tenance, I don't consider front-wheel- | 


drive cars to be substandard in reli- 
ability. Exceptions would be some 


| Oldsmobiles and Cadillacs, which | 


| June '87], you advise the reader with | 


seem to have had more than their share 
of trouble. The main inherent limita- | 


tion of front-wheel drive is its diffi- | 


culty in transmitting large amounts of 
horsepower to the ground. But for most 
vehicles, this isn’t a problem. 


Diesel tips 
In No-Start Diesel [^Say, Smokey —" 


the Chevrolet diesel engine that won't | 
start when it's hot to check the fuel- 
tank venting system. I know another 
cause for this problem: carbon depos- 
its on the glow plugs. When the en- 
gine is warm, the glow-plug control 
located in the intake-manifold water 
jacket senses the high water temper- 
ature and thus doesn't keep the glow 


plugs on long enough to burn through | 


the carbon deposit. The cure is clean- 
ing or replacing the glow plugs. I had 
this problem with my 1981 Chevrolet 
diesel. While you're at it, check the 
condition of the glow-plug circuit relay; 
it could have burned points and need 
replacement. 

Willis Hawkey, Springfield, Mo. 


You're right. These are good things to 
look for. I should have included them 
in my answer. 


| Squeaky belts 


I have a 1979 Chevrolet Malibu with 


| a 3.8-liter V6 engine. Every time I | 


start it, the belts squeak like crazy. 
The belts have been checked by a me- 
chanic who says there's nothing wrong. 
Belt dressing worked for a while, but 
then the squeaking started again. 
Arnoldo Ballester, Clearwater, Fla. 


Belt dressing offers temporary relief, 
but doesn't cure the real problem. The 
first thing to look for is worn or loose 
belts. Worn belts develop hard, slick 
sides that won't properly grip the pul- 
leys. А loose belt will obviously be 
prone to slipping. It needs to be ad- 
Justed to the specified tension. Another 
source of belt squeaking can be pul- 
leys that are worn or misaligned. If 
an accessory like an air-conditioner 
compressor or an alternator is worn 
and dragging internally, it too can 
overload belts and make them slip. 
Also, make sure your engine actually 
has the correct belts. Belts with a pro- 


file that doesn't match the pulleys can | 


cause noise and slippage. 


Dwindling economy 


I own a 1975 Ford Maverick with a 
six-cylinder 250-cubic-inch engine. 
When it was new it delivered 20 to 


22 mpg on the highway and 17 to 19 | 


mpg in the city. After 20,000 miles, | 


the fuel mileage slowly dropped to 15 | 


to 16 mpg on the highway and 12 to 
13 mpg in the city. I have twice re- 


placed the carburetor, spark plugs, ig- | 


nition wires, distributor cap and rotor, 


head and manifold gaskets, radiator, | 


and many other parts. The car now 
has 63,000 miles on it and gets 12 to 
13 mpg on the highway. It burns no 
oil, and no mechanic can find the 
cause for the poor economy. 

Richard Dexter, San Diego, Calif. 


Start with a cylinder-leakage test to de- 
termine the engine's true internal con- 
dition. If the test reads OK, there are 
several other mileage eaters you should 
look for. А worn camshaft or timing 


chain is possible; or it might be re- | 


tarded ignition timing. Look for any 


potential restrictions in the exhaust sys- | 


tem, too; they will cause poor fuel 
economy. Dragging brakes or badly 
misaligned wheels are other conditions 
that require extra engine power. Fi- 
nally, in the case of an automatic trans- 
mission, a bad torque converter, inter- 


nal slippage, or late-shifting gears can | 


all eat unreasonable amounts of fuel. 


Continued | 


Vision 
Break- 
hrough 


When | put on the pair of 
glasses what | saw | could 
not believe. Nor will you. 


By Joseph Sugarman 


I am about to tell you a true story. 
If you believe me, you will be well 
rewarded. If you don’t believe me, I will 
make it worth your while to change 
your mind. Let me explain. 

Len is a friend of mine who knows 
good products. One day he called ex- 
cited about a pair of sunglasses he own- 
ed. “It’s so incredible," he said, “when 
you first look through a pair, you won't 
believe it." 

"What will I see?" I asked. “What 
could be so incredible?" 

Len continued, “When you put on 
these glasses, your vision improves. Ob- 
jects appear sharper, more defined. 
Everything takes on an enhanced 3-D 
effect. And it's not my imagination. I 
just want you to see for yourself." 


COULDN'T BELIEVE EYES 


When I received the sunglasses and 
put them on I couldn't believe my eyes. 
I kept taking them off and putting them 
on to see if indeed what I was seeing 
was indeed actually sharper or if my im- 
agination was playing tricks on me. But 
my vision improved. It was obvious. I 
kept putting on my $100 pair of 
sunglasses and comparing them. They 
didn't compare. I was very impressed. 
Everything appeared sharper, more 
defined and indeed had a greater three 
dimensional look to it. But what did this 
product do that made my vision so much 
better? I found out. 

The sunglasses (called BluBlockers) 
filter out the ultraviolet and blue spec- 
trum light waves from the sun. Blue 
rays have one of the shortest 
wavelengths in the visible spectrum 
(red is the longest). As a result, the col- 
or blue will focus slightly in front of the 
retina which is the "focusing screen” 
in your eye. By blocking the blue from 
the sunlight through a special filtration 
process, and only letting those rays 
through that indeed focus clearly on the 
retina, objects appear to be sharper and 
clearer. 

The second reason is even more im- 
pressive. It is harmful to have ultra- 


violet rays fall on our eyes. Recogniz- 
ed as bad for skin, UV light is worse for 
eyes and is believed to play a role in 
many of today's eye diseases. 


SUNGLASS DANGER 

But what really surprised me was 
the danger in conventional sunglasses. 
Our pupils close in bright light to limit 
the light entering the eye and open 
wider at night like the lens of an 
automatic camera. So when we put on 
sunglasses, although we reduce the 
amount of light that enters our eyes, 
our pupils open wider and we allow 
more of the harmful blue and ultraviolet 
light into our eyes. 


DON'T BE CONFUSED 
I'm often asked by people who read 
this, “Оо those Blu-Blockers really 
work?" They really do and please give 
me the opportunity to prove it. I 
guarantee each pair of BluBlockers to 
perform exactly as I described. 


BluBlocker sunglasses use Malen- 
ium-99rm lenses with a hard anti- 
scratch coating. No shortcuts were 
taken. 

The black, light-weight anodized al- 
uminum frame is one of the most com- 
fortable I have ever worn and compares 
with many of the $200 pairs you can buy 
from France or Italy. 

The weakest link in any pair of 
glasses is the hinge. So there’s a preci- 
sion two-way tension hinge that not on- 
ly bends when you close the pair, but is 
spring-loaded to bend outward too. You 
get a completely flexible frame that will 
comfortably contour to any size face. 

There are also three other models. 
One is a polarized version using the 
same aluminum frame with hinge, the 
second is a precision-molded plastic 
frame that looks identical to the 


They look like sunglasses. 


aluminum model but without the ten- 
sion hinge and finally there is a clip-on 
pair that weighs less than one ounce 
and fits over prescription lenses. All 
models include a padded carrying case 
and a one-year limited warranty. 

I urge you to order a pair and ex- 
perience your improved vision. Then 
take your old sunglasses and compare 
them to the BluBlocker sunglasses. See 
how much clearer and sharper objects 
appear with the BluBlocker pair. And 
see if your night vision doesn’t improve 
as a direct result. If you don’t see a 
dramatic difference in your vision—one 
so noticeable that you can tell im- 
mediately, then send them back 
anytime within 30 days and I will send 
you a prompt and courteous refund. 


DRAMATIC DIFFERENCE 

But from what I’ve personally 
witnessed, once you wear a pair, there 
will be no way you'll want to return it. 

Our eyes are very important to us. 
Protect them and at the same time im- 
prove your vision with the most incredi- 
ble breakthrough in sunglasses since 
they were first introduced. Order a pair 
or two at no obligation, today. 

Credit card holders call toll free and order 
by product number below or send a check plus 
$3 for postage and handling. 

Polarized Deluxe (0082 KK5) .....$99.95 
Aluminum Deluxe (0029 KK5) .....69.95 
Clip-On Model (0028 KK5) 
Precision Plastic (0081 KK5) ...... 39. 95 


LO 

OA 
One JS&A Plaza, Northbrook, Illinois 60062 
CALL TOLL FREE 800 323-6400 


IL residents add 7% sales tax. ©JS&A Group, Inc.,1987 


We could have told you about 
=» our charming country inns nestled 
Y atop tall, green mountains. Or about 
I the quaint cottages that line our 
wide, unspoiled beaches. 


But then we'd be leaving out the 


| 
| bustling cities and the rolling valleys. 
| — The forests and the festivals. 

There's so much to say about INorth Carolina, we wrote a book. 
| So call toll-free, or send for our free North Carolina Travel Package. 
| And read a book with a happy ending: your vacation. 
| NAME ADDRESS 
| CITY STATE 
| FREENORTH CAROLINAVACATION PACKAGE. 

MAIL TO: NORTH CAROLINA TRAVEL, DEPT. 777, RALEIGH, NC 27699. 


| OR CALL 1-800-VISIT NC, OPERATOR 777, WEEKDAYS FROM 9 A.M.TO 5 РМ. 


FOREVER YOUNG-FOREVER YOURS 


“The Classic Gazelle” 


Return to the era of boot- 
led booze, the speakeasy | Available in front 
and footloose flappers. | or rear engine drive. 
With your own hands - p — 

move backward in time |} gl | M TALA 

to when the motorcar p j Ne a 

was beauty in motion. 
This  easy-to-assemble 
replicar is from the com- | 
pany that leads іп 
product engineering and | 
innovations. The thrill is 
in the first time you | 
wheel the "old timer" 
onto the road, and are 
able to shout... “I BUILT | Vs 
IT MYSELF!" 


. Replica 1929 
_ Mercedes Benz SSK 


CALL TODAY - TOLL FREE 


1-800-252-7742 


airports. 


©1987, Classic Motor Carriages 


16650 NW. 27th Avenue, Р.О. Box 10 
Miami, Florida 33054, (305) 625-9700 
Hours: Mon. - Thur. 9 AM - 11 PM 
Fri. 9 АМ - 9 PM, Sat. 9 АМ - 5 РМ 
Sun. П AM - 11 PM 
Enclosed is $1.00 for each full color brochure and 
consumer buying guide for Replica assembly: 


Gazelle Classic Speedster C 
Classic TD 
Please charge my: 
Acct. No. 


Address 


City 
Home Phone ( 
Classic Speedster 


[ ] MasterCard. [] visa J Am. Exp. 
. Exp. Date 


Bus. Phone A 


Signature 
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| ond Smokey—" 


Continued 


— on two brakes? 


I have a 1985 Plymouth Horizon with 
just over 5,000 miles on the odome- 
ter. The brakes on this car are down- 
right scary: During a cold stop the car 
responds like one with wet brake lin- 
ings—lots of pedal pressure but no 
grab. Thedealerhasreplacedthe boost- 
| er, bled the lines, and checked the pro- 
portioning valve. He says that all the 
systems are OK and gives me that in- 
famous statement, "They're all like 
that." Can you help me stop? 

M. Reilly, Kirkland, Wash. 


You have a severe problem. I think 
you're probably running only with front 
brakes. Have all the wheels removed, 
| and check and clean all parts, paying 
| particular attention to the rear adjust- | 
ers. Have the hydraulic pressure | 
checked for the front and rear brakes 
with normal brake-pedal input and 
the engine running; then you'll know | 
whether the master cylinder and 
booster proportioning valves are work- 
| | ing. If not, you'll be able to pinpoint 
the trouble. Your local service station 
| probably won't have the equipment to 
check line pressure, but most brake | 
specialists do. 


Curing warped rotors 


Ive read a lot of stories about cars 
with brake rotors that warp. I had a | 
similar problem with my 1980 Ford 

| Pinto. In 80,000 miles, the rotors 
warped four times. Repairs included 
new rotors and calipers, and proper 
tightening of the lug nuts. But the ro- 
tors would still warp again. After four 
years I solved the problem by having 
the rotors ground to a smooth finish 
and installing a set of soft original- 
equipment brake pads; I had been 
| using metallic pads previously. Forty- 
thousand miles later the rotors are | 
still warp-free. 

Mark Main, Williamsburg, Va. 


In a case of chronic warping, it can be 
worthwhile to try a set of factory 
pads. Sometimes aftermarket brake | 
pads generate more heat than the ro- 
tors can tolerate. 


Got a car problem? Send it to "Say, Smokey—," POPULAR 
| SCIENCE, 380 Madison Ave., New York, N.Y. 10017. All let- 
ters are read, and those of widest interest are answered in 
this column. Due to the large volume of mail, Smokey can- 
not reply to letters not selected for publication. 
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SELECT 5 BOOKS 
for only $3.95 


(values to $127.70) 


30 CUSTOMIZED 
MICROPROCESSOR 
PROJECTS 


2705H $22.95 


Electronics projects . . . ideas . . . the latest technology 
all at up to 5096 off publishers' prices 


Membership Benefits • Big Savings. In addition to this introductory 
Offer, you keep saving substantially with members' prices of up to 5096 off the 
publishers’ prices. • Bonus Books. Starting immediately, you will be eligible for 
our Bonus Book Plan, with savings of up to 8096 off publishers' prices. * Club 
News Bulletins. 14 times per year you will receive the Book Club News, describ- 
ing all the current selections—mains, alternates, extras—plus bonus offers and 
special sales, with hundreds of titles to choose from. * Automatic Order. If you 
want the Main Selection, do nothing and it will be sent to you automatically. !f 
you prefer another selection, or no books at all, simply indicate your choice on 
the reply form provided. As a member, you agree to purchase at least 3 books 
within the next 12 months and may resign at any time thereafter. + Ironclad 
No-Risk Guarantee. 1? not satisfied with your books, return them within 10 days 
without obligation! « Exceptional Quality. All books are quality publishers' 
editions especially selected by our Editorial Board. (Publishers Prices Shown) 


A 6th Book of Your Choice FREE 


When You Prepay Your $3.95! 


JN Evectronics Book Ciue ° 
Blue Ridge Summit, PA 17294-0810 


Please accept my membership in the Electronics Book Club® and send the 5 
volumes listed below, billing me $3.95 plus shipping and handling charges. If not 
satisfied, | may return the books within ten days without obligation and have my 
membership canceled. | agree to purchase at least 3 books at regular Club prices 
(plus shipping and handling) during the next 12 months and may resign any time 
thereafter. 


[] YES, | want the extra book indicated below. My payment for $3.95 (check or 
money order made out to Electronics Book Club) is enclosed. (We will.bill you 
for shipping and handling when we send your 6 books.) 

ч = "EXTRA BOOK 
when you prepay 


Name = 
Address 
City 
State/žip ___ Г __ 
Valid for new members only. Foreign applicants will receive special ordering instructions. Canada 


must remit in U.S. currency. This order subject to acceptance by the Electronics Book Club®. 
All books are hardcover unless number is followed by a "P" for paperback. PS-188 


Phone _ 
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The Railway and Locomotive HEY ROLLED OUT OF THE YARDS 
; at Altoona, Cheyenne, Bath and 
Historical Socie ty presen ts Chicago. Mechanical giants on tracks 


of steel. From iron works in England, 


| m J Germany...across Europe and the 
| Orient...they signaled a world-wide 
| revolution in travel and commerce. 


And, from the earliest wood-burners 
to the newest streamlined expresses 


A S they have been objects of awe — 

{ а T H | | E | fascinating symbols of adventure. 

s Now, the Railway and Locomotive 
Historical Society — one of America's 


| | oldest and most respected railroad 
| | | historical organizations—has authorized 
| their first collection of locomotive 


models ever to capture the sweep 
and drama of a century-and-a-half of 


! | : s ! railroading, as it happened here and 
Superb handcrafted models in solid pewter. нена РР 
The first collection that captures Selected by experts. 
the adventure of railroading The collection will consist of 25 


authentically detailed models 
portraying the most important 
locomotives of all time. Each has 
been selected on the authority of 
leading railroad experts. And each 
imported sculptured miniature will 
be individually cast in solid pewter, 
entirely finished by hand. 
Beginning with the legendary John 
Bull of the 1830s, the collection will 
include such important American 
locomotives as Engine 999 of the 


in every era and throughout the world. 


| DER ADLER, GERMANY 1835 
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| SHAY, U.S.A. 1880 


Empire State Express, which claimed 
a world speed record of 112 miles per 
hour in 1893. The Pennsylvania 
Railroad’s K-4—a pioneer on 

runs like the Detroit Arrow. The 
streamlined Daylight-type that came 
into service in 1937, between 

Los Angeles and San Francisco. 

And from other great railroading 
nations of the world will be the 
English-built “Flying Scotsman”... 
Japan's "Asia Express,” mainstay of 
the Manchurian Railway in the 1930s 
...and a Royal Bavarian Railway 5 3/6, 
pride of the Rheingold Express. 


Precise and authentic. 


Each locomotive will be carefully 
researched. The casting molds will be 
refined by hand to ensure accuracy. 
And the miniatures will show such 
fine details as handrails, suspension, 
fittings and cab layout — all in 
hand-rubbed pewter. 

These are models you will want to 
examine — again and again. To inspect 
the amazing 16 driving wheels that 
powered the "Big Boy" over the 
Rockies...or the sculptured 
aerodynamic styling of the TGV, 
today's fastest train. And there's an 
expertly written commentary with 
each pewter model, so you'll be able 
to relive the adventure of railroading 
as it happened during every era. 


q JE 
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A dramatic display. 
So that you can showcase the 
complete collection, an imported 
hardwood wall shelf will be sent to 
you at no added cost. Tracks laid 
along each tier allow you to arrange 
the locomotives to show the variety 
of types and styles — providing a 
handsome accent in the home, den 
or office. 

The Railway and Locomotive 
Historical Society has appointed The 
Franklin Mint to craft the models and 
handle all subscriptions. By entering 
your subscription now, you can begin 
building this complete collection... 
bringing the excitement of railroading 
and the lure of these mighty engines 
into your home. 

To acquire your collection, simply 
sign the accompanying application, 
and mail it directly to The Franklin 
Mint by February 29, 1988. 


Hand-held miniature shown actual size. 


ip 1988 ALHS 


THE WORLD'S 
GREATEST LOCOMOTIVES 


Not sold in stores. 
Please order by February 29, 1988. 


Limit: One collection per subscriber. 


Railway and Locomotive 

Historical Society 

C/o The Franklin Mint 

Franklin Center, Pennsylvania 19091 


Please enter my subscription for "The 
World's Greatest Locomotives," con- 
sisting of 25 sculptured miniatures cast 
in solid pewter, to be sent to me at the 
rate of one per month. 
| need send no money now. I will 
be billed $27.50* for each handcrafted 
miniature just before shipment. My 
hardwood display shelf will be sent to 
me at no additional charge. 
"Plus my state sales tax 
and $1. for shipping and handling 


Si gnature —. 


ALL SUBSCRIPTIONS ARE SUBJECT TO ACCEPTANCE 


PLEASE PRINT CLEARLY 


Address 


City — == 


State, Zip 
85284 - 56 
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Fiat Uno Selecta speeds quietly along, 
powered by a 1.1-liter engine driving 
through a Ford-designed CVT. А СУТ?» 


By DAVID SCOTT 


hills of Dartmoor in England’s 

West Country are an excellent 
proving ground for a continuously 
variable transmission. With the stan- 
dard manual gearbox in this little Fiat 
Uno Selecta, I would have been busy 
clutch pedaling and shift-lever sawing 
to keep up my rolling momentum on 
the corrugated terrain. And a conven- 
tional automatic would have been 
notching up and down through the 
gears, while a churning torque con- 
verter wasted fuel. But the 1.1-liter 
engine in this Fiat was twisting power 
through a CVT; so driving was quiet 
and relaxed as the transmission glided 
smoothly and quietly through its 
broad ratio span. 

Described many times in the pages 
of POPULAR SCIENCE (most recently in 
the September 1987 issue), the belt- 
and-pulley CVT is just starting to 
make its mark on the production-car 
scene, following lengthy teething prob- 
lems. Ford of Europe, Inc., will begin 
production of CVTs for itself, Fiat 
S.p.A., and other customers this year 


T: close-coupled, roller-coaster 


52 | POPULAR SCIENCE 


steel belt i is hvdraulieaíls clamped be- 


tween the variable-size engine input 
(bottom) and transmission output pul- 


at its Bordeaux, France, plant. And 
Subaru of America, Inc., is already 
using a variation on the CVT theme 
for its home-market Justy. 

The main advantage of the CVT is 
its stepless "gear" change, which en- 
ables the engine to run within its most 
efficient, and hence economic, rev 
band. Look at it as an analog rather 
than a digital machine, with none 
of the jerks of normal cog-swapping 
transmissions. Its ratio spread is equal 
to that in a six-speed gearbox, with 
an extra overdrive top gear for a long- 
striding 27.5 mph per 1,000 rpm. And 
because it's linked mechanically to the 
engine, there's no economy loss like 
that experienced with the fluid cou- 
pling in most automatics. On one 
long 80-mph highway run, the Uno re- 
turned a sterling 35.8 mpg. And in 
London traffic it averaged 31 mpg. 

There's no trick to driving a CVT 
car. It has the usual P-R-N-D-L selec- 
tor. Starting off in the D position, you 
release the brake and touch the throt- 
tle. As the engine speed rises above 
idle, the gently slipping hydraulic 
clutch fully engages the pulley sys- 
tem, and the car moves smoothly off. 


leys (top). The linked metal belt trans- 
mits its torque in compression, not in 
tension like a rubber V-belt. 


As you squeeze the throttle and the 
car picks up speed, the engine note 
glissandos down the scale; but the 
shift hiccup you expect never comes. 
Instead, you realize that smooth, grad- 
ual changes in pulley diameter are 
lengthening the ratios. The entire 
throttle-pedal travel is one long auto- 
matic-transmission-like kickdown. The 
harder you push, the faster you go, 
since you're revving up the engine 
while sliding down the ratio range. 

For faster action, you can flip the 
selector lever to the L position. This 
gets you quicker downshifting and zip- 
pier throttle response for passing or 
engine braking on steep grades. Апа 
mad though it seems, nothing happens 
if you accidentally snag reverse when 
moving forward. That's because the re- 
verse position is deactivated by an in- 
hibitor valve until the car stops. 

With its tiny 1.1-liter 58-horsepower 
engine, the Uno Selecta is no firehall, 
but I got a respectable 0-to-60-mph 
time of 15 seconds, and a maximum 
speed of 92 mph. That's not bad for a 
dream transmission that until a few 
years ago was considered too problem- 
prone to be practical. 


NRI training includes all the tools you need to get started. 


THREE BUSINESSES YOU 
CAN START YOURSELF. 


TELEPHONE SERVICING 


А New Bootstrap 
Opportunity 
Gone are the days 
when the only job 
in town was with 
the phone com- 
pany. The new 
technology is here, with opportunity 
everywhere for the skilled tech- 
nician. NRI trains you to install, 
repait, and setvice even the most 
advanced electronic phones. 


Training Includes Cordless Phone 
You get test equipment like an LCD 
digital multimeter and telephone 
analyzer, a pushbutton memory 
phone to learn on and use as your 
test phone, a cordless phone to learn 
setvicing and troubleshooting 
techniques, plus the NRI Discovery 
Lab, where you work with circuitry 
used in today's advanced cellular 
systems. With NRI's eight Action 
Learning kits, you get telephone 
training at home, at your conveni- 
ence. NRI training prepares you to 
set up your own telephone setvicing 
business, where almost no start-up 
money is necessary, little inventory 
is required, you set your own hours 

. .and opportunities are unlimited. 


If coupon has been used, write 
NRI Schools 


3939 Wisconsin Ave. 
Washington, D.C. 20016 


LOCKSMITHING 


A Fast Way to 
Independence 
Make good money 
making keys, even 
more repairing and 
teplacing locks, 
top dollar installing home security 
systems. NRI trains you for all three 
in one complete course. 


Income While You Learn 

Includes professional key making 
machine and all the tools you need 
to start earning profits of up to 
80096, even while learning. There is 
plenty of opportunity for the trained 
locksmith 1n replacing automotive 
keys, changing locks in apartment 
houses and office buildings, install- 
ing electronic security systems in 
homes. NRI training and equipment 
can get you started today! 


SMALL — REPAIR 


New Opportunities 

Abound 

Equipment from lawn 

mowers to motorcycles 
is powered by 
air cooled engines. NRI 

| can give you the training 

and tools you need to start your own 
business in this big demand field. 
5 HP Engine, Generator Included 
Your training includes a 5-HP 
Tecumseh engine with electronic start 
and a power generator you build while 
training. You learn to service mowets, 
tractors, chainsaws, weed whips, 
snowmobiles, ATVs. outboards, even 
— Get all rm you - 
or tuneups, engine osis, ап 
engine ге uilding. NRI gives you the 
skills and equipment you need to 
succeed in your own profitable engine 
repair business. 


SEND COUPON TODAY FOR FREE NRI CATALOG! 


AA SCHOOLS 


Nama (Please Print) 
Street 


City/State/Zip 


Accredited by the National Home Study Council 


RET BP ae ig: 


For Career courses 


Age 


| zi x approved under GI bill 
McGraw-Hill Continuing Education Center de CN. | 
3939 Wisconsin Avenue, Washington, DC 20016 "Hill. =", Г ‘check for detalis: 

| We'll give you tomorrow. o d a | 

| Mí CHECK ONE FREE CATALOG ONLY [J Computer Electronics ~ Ў 22 Appliance Servicing | 
[] Telephone Servicing [] Robotics & Industrial Controls ^ [] Automotive Servicing 

| [] Locksmithing & Electronic Sacurity C] TV and Video System Servicing Û] Air Conditioning, Heating, | 
[ ] Small Engine Servicing L] Electronics Design Technology Refrigeration, & Solar Technology 

| [] Satellite Communications [] Communications Electronics [] Building Construction | 

| LJ Data Communications [] Basic Electronics [] Bookkeeping 
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Acme Electric 


Commercial Products Group 


AEC 


ACME ELECTRIC CORPORATION 20 Water Street Dept P10 Cuba, N.Y. 14727 716-968-2400 


Honeycomb heater 


I used to want to huddle in front of 
my electric space heater during long, 
cold winters, but I couldn't because my 
unit's nickel-chromium heating ele- 
ments' high resistance to electricity 
made them become red-hot. Now, how- 
ever, I have the $179 Pelonis Disc Fur- 
nace, and I don't have to worry about 
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getting too close anymore. Unlike 
conventional electric-resistance heat- 
ers, which must cycle on and off to 
maintain a given temperature, the 
Disc Furnace heats with self-regulat- 
ing ceramic discs that generate a 
moderate, constant heat output. The 
Pelonis heater does not need to cycle 


to maintain a desired temperature. 


The Disc Furnace's patented bar- 
ium-titanate ceramic heating ele- 
ments increase their resistance to 


| electricity as the temperature rises, 
| limiting how hot they can become. 


Says Kosta Pelonis, the inventor of the 
Disc Furnace, "The discs stop conduct- 
ing voltage at two hundred degrees 
centigrade. Not even tissue paper will 
ignite on the disc surface.” 
Compact but powerful, the Disc Fur- 
nace 1s a six-inch, six-pound enamel- 
coated cube that delivers anywhere 
from 820 to 5,200 Btu, depending on 
the heat-output setting. The heat con- 
trol, Pelonis explains, varies the speed 


| of a fan, which blows air through the 


discs and thus varies heat production. 
The discs are honeycombed to increase 
surface contact with the blown air. 
Temperature is maintained by a ther- 


mistor-based feedback circuit. "This 


feature allows the furnace to run con- 
tinuously, eliminating uncomfortable 
swings in room temperature," Pelonis 


| says. 


Because the furnace is self-regulat- 
ing, it works only as it is needed. Says 
Pelonis, “Our heater will cut its watt- 
age consumption back to maintain the 


| appropriate temperature." 


The Disc Furnace also has an air 
filter and is manufactured by Del-Rain 
Corp. (Pelonis Products Division, 460 
Carborundum Center, Niagara Falls, 
N.Y. 14303).—Jennifer Hume 
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The self-controlling Pelonis Disc Fur- 
nace maintains a moderate heating 
level; it cannot go above 200° C. 
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+ NOT AVAILABLE IN BETA. 


Just look at what's happened 
to the prices on videocassettes! 
Contemporary hits like The Karate Kid 
have been reduced from $79.95 to 
$19.95! Classic favorites like Patton 
have come down from $79.95 to just 
$29.95! What's more, new releases are 
no longer automatically priced at $69.95 
or $79.95—many of them are now im- 
mediately available at $29.95 or less. 
So you can now easily build a library of 
your favorite movies—at truly affordable 
prices! 

And the most economical way to 
start your movie collection, or add to it, 
is by joining the CBS Video Club. As a 
new member, you may have any 4 of the 
movies offered here—all 4 for $2.49 
each, plus shipping/handling. (And you 
can even save up to $60 on a fifth 


movies for as little as $29.95 each—and 
you may cancel membership anytime 
after doing so. 

How the Club operates: about 
every four weeks (up to 13 times a 
year) we send you our CBS Video Club 
Magazine, reviewing our Director's 
Selection, plus many alternate movies. 
And up to four times a year, you may 
also receive offers of Special Selec- 
tions, usually at a discount off regular 
Club prices, for a total of up to 17 
buying opportunities. 

Choose only the movies you 
want: if you want the Director's Selec- 
tion, don't do a thing—it'll arrive auto- 
matically. If you'd prefer an alternate 
movie, or none at all, just mail the card 
always provided by the date specified. 

You'll always have two full weeks 


THE LION IN WINTER | 3162162 | 


* PLUS SHIPPING/HANDLING WITH MEMBERSHIP 


satished, return everything within 10 
days for a full, prompt refund and no 
further obligation. 

For fastest service: use your 
credit card and our toll-free number to 


order. Just call 24-hours a day: 


1-800-CBS-4804 
а O, Or mail the 


CBS VIDEO CLUB 
1400 North Fruitridge Avenue 
Dept. BH4, P.O. Box 1111, Terre Haute, IN 47811 
Yes, please enroll me in the CBS Video Club 
under the terms outlined in this advertisement. 
As a member, | need buy just six more movies 
at regular Club prices within the next three years. 

Send me these 4 movies for $2.49 each 

plus $4.00 shipping/handling (Total is $13.96). 
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Check опе: C] VHS [OBETA 
Please check how paying: 
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Advance Selection 
SAVE UP TO $60 MORE— 
HAVE LESS TO BUY LATER! 


Order a fifth movie now for only $19.95— 
and your membership obligation is 


immediately reduced (you then need buy 
only 5 more, instead of б). 
Just fill in the number of your first selection 
below, and add $19.95, plus $1.50 shipping/ 
handling. to your $13.96 payment. 


# 


movie—see Advance Selection box in to decide. (If you ever receive a tape C Му check is enclosed. W90/W92 
the coupon.) | before having had two weeks to Г] Charge my introductory movies and future Club purchases to: 
There's no membership fee for decide, just send it back at our O MasterCard [O Diners Club [American Express [] VISA W91/W93 


joining, nor do you have to buy a lot of 
movies. Just six more within the next 
three years. Апа you'll have no problem 
in finding six movies you want, because 
our library holds over 2,000 titles; from 
the very newest releases to classical 
favorites. Our regular Club prices cur- 
rently range from $79.95 to $29.95, 
plus shipping and handling; and we also 
offer a selection of lower-priced video- 
cassettes, down to $14.95. Your only 
membership obligation is to buy six 


expense. ) 

Half-Price Bonus Plan: after buy- 
ing your six movies, you'll automatically 
become eligible for our Half-Price 
Bonus Plan. With each movie you buy, 
the plan currently allows you to take 
another movie of equal value or less at 
50% off. 

10-Day Risk-Free Trial: join today 
and we'll send your four movies, along 
with more details on how the Club 
works. If for any reason you're not 


CBS VIDEO CLUB 1400 North Fruitridge Avenue, Terre Haute, ÎN 47811 
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Note: CBS Video Club reserves the right to reject any application or cancel any membership. 

[| Offer limited to continental U.S. (excluding Alaska) and Canada. Canadian residents will be 

| serviced from Toronto (offer may vary). Applicable sales tax added to all orders. V82/S88 


3-Р сатсогаег 


Two CCD “eyes” in Toshiba’s new camcorder look at a subject from two points of view. The 
images are recorded, then played back on a VCR. Result: 3-D home-movie videotapes. 


By WILLIAM J. HAWKINS 


im, shoot. Those are the basics 
A: any camcorder, but Toshiba’s 
mnew model takes a different point 

of view—two points of view. 

The camera is equipped with two 
lenses set apart like eyes, and each 
sees a subject from a slightly differ- 
ent angle. That difference adds dimen- 
sion to an image that can be recorded 
on videotape, then played back in 3-D. 
“People have a secret love affair with 
3-D,” says Dave Patterson, national 
marketing manager of video products 
for Toshiba Corp. “Everything else is 
ho-hum by comparison.” 

Three-D TV isn't new. Victor Co. of 
Japan and Sharp Corp. have had 3-D 
videodises for some time. “But those 
are playback-only devices,” says Pat- 
terson, “and the original images were 
recorded using elaborate dual-camera 
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Three-D recording: Left and right lenses see an image from 
a parallax view and focus each scene on charge-coupled- 
device (CCD) imagers. Switcher circuit chooses left or right 
CCD and assigns the image to the odd or even field of the 


systems." Toshiba uses two ‘2-in. 
300,000-pixel color charge-coupled- 
device imagers and a Super-VHS-C 
cassette in one 3.7-pound, 4.9-by-6.1- 
by-10-inch package. 

Ав with the separate-camera 3-D 
systems, each image is recorded on one 
of the two alternate fields that make 
up a single picture frame (see draw- 
ing). For playback, you watch TV 
while wearing a special set of LCD 
glasses. An electronic switch between 
the S-VHS VCR and TV alternately 
selects one field for display and one 
LCD "lens" in the glasses. Result: Your 
left eye sees the left recorded image; 
your right, the right-hand image. 

The switch works fast enough so 
your brain puts the two staggered 
fields together as a single 3-D image. 
But there's a problem. “It’s called the 
flicker effect," says Patterson. 

To divide the full frame into two 


picture frame for recording. Playback: Odd or even field is 
selected by the switcher. Analog signal is converted to dig- 
ital data, then sent to memory for storage and doubling. 
Data are read out of memory at double the normal speed 
to eliminate flicker. Field is converted back to analog and 
displayed on a monitor in synchronization with the LCD 
glasses. When the left field is shown, the left LCD passes 
light. When the right is showing, right LCD passes light. 
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fields, the electronic switch used in 
earlier systems flipped back and forth 
60 times a second, so each eye saw an 
image only 30 times a second. That 
caused a slight flicker and, according to 
Patterson, “gave you a headache after 
about a half hour.” 

To eliminate the flicker, Toshiba 
added a random-access memory to 
temporarily store each field. "The 
video fields are digitized, stored, then 
scanned 120 times a second," says 
Patterson. The doubled scanning time 
means each eye sees an image 60 times 
a second, well above the flicker thresh- 
old and equal to conventional TV. 

All else about the camera is in its 
infancy. It's still in the testing stage, 
the price is not set, and the original 
plan—to offer it in Japan only—is 
being reconsidered. Says Patterson, 
“The enormous interest from people 
in the U.S. has sent us reeling.” 
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A Driver's Best Friend... 


CB With Channel-Scan Mike 


Electronically Scan Up and Down to Any Channel 
With Fingertip Microphone Control 
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Complete “On-the-Road” CB 129° 
Communication for Fun and Safety - As $15 Per Month x 


Never drive alone again! Our Realistic TRC-423 for best reception in any area. Easy-to-read chan- 
features a priority switch that instantly accesses nel display and 2-color/4-LED signal/RF meter. 
Channel 9 emergency frequency, RF gain control, Even has jacks for adding PA and external speak- 
and an automatic noise limiter and noise blanker ers. Only $129.95 at Radio Shack. 


Compact CB That's Big On Features and Small in Price 
Radio Shack's Smallest CB is Also Our Lowest 


Priced! Fits Almost Anywhere | | | 


ш Ceramic Filters Sharpen Reception 
m Built-In Noise Limiter 


The Realistic TRC-415 is a rugged little radio that fights pulse-type interference. There's also a big 
fits under the dash or seat even in subcompacts— LED channel display, 4-step signal/RF power me- 
yet it's got lots of big features. Ceramic filters cut ter and jacks for adding PA and external speakers. 
signal interference and an automatic noise limiter Ony $59.95 at Radio Shack. 
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| ® | Send for Your FREE Catalog! | 
Rad La f haek | Mail to Radio Shack, Department 88-A-382 | 
! | 300 One Tandy Center, Fort Worth, 
| | 4 | 300 One Tandy C Fort Worth, TX 76102 | 
The Technology Store | | 
A DIVISION OF TANDY CORPORATION | МАМЕ | 
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Prices apply at participating Radio Shack stores and dealers. «Radio Shack revolving | CITY STATE ZIP | 
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Radio Shack CB 2-Way Radio 


The fast, easy and low cost way to 
meet the challenges of today’s 
electronic innovations. A unique 
learning series that’s as innovative as 
the circuitry it explains, as 
fascinating as the experiments you 
build and explore. 


From digital logic to the latest 
32-bit microprocessor, the McGraw- 


Hill Contemporary Electronics Series 


puts you into the electronic picture 
one easy step at a time. Fifteen 


unique Concept Modules, sent to you 1 7 


one every 4-6 weeks, give you a 
handle on subjects like optoelec- 
tronics, robotics, integrated circuits, 
lasers, fiber optics and more. 

Each Concept Module goes 
right to the heart of the matter. 
You waste no time on extraneous 
material or outdated history. It’s a 
fast, efficient, and lively learning 
ехрепіепсе. ..а non-traditional 
approach to the most modern of 
subject matter. 


Unique Interactive Instruction 

With each module, you receive 
a McGraw-Hill Action Audio 
Cassette. Each tape is a dynamic 
discussion that drives home the key 
facts about the subject. Your learning 


With your first 


use it through- 

out the series to 
build 
tronic circuits 
and bring 
concepts 

to life. 


experience is reinforced through 
interaction with vividly illustrated 
text, audio cassettes, and actual 
electronic experiments. Indexed 
binders preserve backup material, 
notes, and tapes for convenient 
referral. 


i ect 


Perform 
Experiments 
in Contemporary Electronics 
Throughout your series, lab- 
oratory experiments reinforce every 
significant point. This 
essential experience 
... dynamic, hands-on jp ht 
demonstrations of шаа... 
theory in practice... bi 
will help you master 
principles that apply all | 
the way up to tomorrow’s 
latest VLSI (Very Large 
Scale Integrated) circuitry. 
In your very first module, you'll 
use integrated circuits to build a digital 
oscillator, verifying its operation with 
a light emitting diode (LED). You'll 
learn to identify passive and active 
components, understand concepts 
common to all electronic circuits. 


For Anyone Interested in Electronics 
The Contemporary Electronics 
Series is designed for anyone from 
hobbyist to professional. It's for you 
if you're looking for new fields of 
interest...if you're a teacher who 
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| = | wants 
| ec an update in con- 
temporary circuits...a 
manager or supervisor in an electronics 
plant...a doctor, an engineer, a chemist 
who finds electronics playing an 
increasingly important role in your 
work. It’s even for electronics engineers 
or technicians who feel their training 
needs freshening up. It’s the quickest, 

à most convenient, 

ii ; x probably least 

B A . expensive way to 


Ө doit. And the 
P» you hands-on 


Є А only one that gives 
uw —- experience. 
15-Day No-Risk Trial 
To order your first module 

without risk, send the card today. 
Examine it for 15 days under the 
terms of the order form and see how 
the Contemporary Electronics Series 
gets you into today's electronics. 
If card has been used, write us for 
ordering information. 


McGraw-Hill 

Continuing Education Center 
3939 Wisconsin Ave. 
Washington, D.C. 20016 
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afoot for similar schemes. 


els of carbon dioxide (be- 
cause of concern about the 
greenhouse effect) and 
other atmospheric ingredi- 
ents. It also tracks winds, 
cloud structure, sunshine, 
and the like—all at an al- 
titude of about 65,000 feet. 
Like Canada’s SHARP, the 
CO-OPS aircraft also 
would be sustained by mi- 
crowaves, beamed upward 
from circular antennas 
occupying an area the size 
| of a football field. 
Engineers at Lockheed 
Georgia Co. have been 
working on a preliminary 
CO-OPS aircraft design, 
with a wingspan of 100 to 
150 feet. No decision has 
been made on whether the 
ambitious project will go 
forward, at an estimated 


go-ahead. 


Driving simulator 


'85]. 


Beam-power proposal 


The beam-power plane Arthur Fisher 
reports on in this issue (depicted in 
its ultimate form on our cover) is the 
only craft to achieve sustained flight 
on microwaves transmitted from the 
ground—thus far. But there are plans 


The one probably closest to reality 
is called CO-OPS, for Carbon Dioxide 
Observational Platform System. It is 
a joint project of the Department of 
Energy and NASAs Marshall Space 
Flight Center designed to monitor lev- 


Truck cab is loaded into Daimler-Benz's driving simulator, 
which tests vehicles and driver performance. 


cost of at least $20 million. The first 
system would probably be ready to fly 
within three years of NASA giving the 


Ever since I was a boy I have dreamed 
of driving a big truck. Well, I still 
havent actually driven one, but I've 
done the next best thing— "driving" 
a truck in a unique simulator that 
gave me an all too realistic ride un- 
der a variety of conditions. My ride 
took place recently at Daimler-Benz 
AG's West Berlin Marienfelde works 
[^Road Testing Without a Road," Dec. 


The simulator looks as if it ought 
to be located on the boardwalk at 
Coney Island—a big beige-colored 
4.7-ton capsule on large spidery legs. 
Huge hydraulic pistons move the legs 
up and down to create the feeling of 
road sensations. I was led into the cap- 
sule with two other writers. There was 
an actual cab from a Mercedes truck 
installed in the capsule, which is big 
enough to contain an entire car. We 
seated ourselves in the truck cab and 
fastened our seat belts. The road 
ahead was a 180-degree image created 
by six projectors mounted on the roof 


abilities to handle. When I got by the 
last of the spilled crates, I passed a 
| hitchhiker without stopping. Then the 
hitchhiker started moving—faster 
than my truck. The simulator control- 
ler obviously had a sense of humor. 
The sensations in the capsule are 
so realistic that it’s difficult to make 
yourself perform intentionally danger- 
ous maneuvers. One of my compan- 
ions was instructed to crash the truck 
by cutting the wheel hard and taking 


knew he was in a simulator and could 
not be injured, he was not able to 


couldn't do something I 
had trained myself not to 
do," he said. 

Of course, Daimler- 
Benz didn't build the $15- 
million simulator to play 
games. A Daimler engi- 
neer says the simulator al- 
lows car developers to test 
drivers and vehicles under 
laboratory conditions. The 
simulator could yield new 
information that in turn 
might make driving safer, 
he said. 

My own feeling is that 
it's too bad there aren't 
more of these simulators 
around to train drivers to 
cope with everything from 
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ers who won't quit. 


of the dome. Every sound was eerily 
realistic—from the ignition turning on 
the engine to the shift points as you 
worked the gears up and down. 

One of my partners drove first, mov- 
ing through a range of driving condi- 
| tions, including descending a 10- 
degree hill on a wet road, then through 
fog and snow. He eventually spun off 
the road. 

My turn came, and I could feel the 
| cab lurch, as my unpracticed gear | 
shifts were not smooth. When I worked 
up to cruising speed, I was suddenly 
passed by a truck that started to dump 
crates in both lanes. I was soon run- 
ning an increasingly tougher slalom 
course, which took all of my driving 


Gas saving 

Over the last 15 years we've all worked 
to improve the energy efficiency of our 
homes. It turns out we did a good job. 
The American Gas Association has 
just released a study of gas consump- 
tion for home heating during the years 
1973 through 1986. And, says the 
study, in the peak heating months of 
1986—January, February, and 
March— we used 24 percent less gas 
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the vehicle off the road. Although he 


bring himself to initiate 
the crash maneuver. “I just 


slippery roads to hitchhik- 


than during the same period in 1973. | 
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| Secret of perpetual flight? 


BEAM-POWER PLANE 


For the first time, an aircraft has achieved sustained flight solely on microwave power beamed 
from a ground antenna and converted to electricity on board. One future application: un- 
manned high-altitude communications platforms for direct-to-you TV and mobile telephones. 


By ARTHUR FISHER 
Photos by Greg Sharko and the author 


ikola Tesla, the wildly eccentric inventive genius 
N who convinced the world that alternating-current 

power systems were practical, had a dream. He was 
convinced that electricity could be transmitted without 
wires, and devoted decades of fruitless experiments to that 
end. In a 1928 POPULAR SCIENCE article, he predicted that 
some day, airplanes would be "powered by wireless." 

Last fall, in a series of tests over a muddy field outside 
Ottawa, Canada, that dream became reality: a fragile 
15-foot featherweight aircraft, pilotless and fuelless, be- 
came the first plane to achieve sustained flight on micro- 
wave power beamed from the ground. The one-eighth-scale 
experimental model could be the forerunner of full-size 
craft that would some day stay aloft for as long as a year, 
circling at an altitude of 70,000 feet, as depicted in our 
cover illustration. The goal is to provide a permanent un- 
manned platform for one or more of a variety of missions: 
telecommunications, including direct broadcast TV and 
mobile telephone service; military radar warning networks; 
surveillance of drug smugglers, illegal immigrants, and 
fishing marauders; and monitoring of atmospheric pollu- 
tants and carbon dioxide levels—all at much less than 
the cost of a satellite. 

The little plane that could, boldly painted red and white, 
adorned with Canada's maple leaf and featuring a large 
disc fondly referred to as “the pizza,” is named the SHARP-5, 
for Stationary High-Altitude Relay Platform. It is one in 
a series that its developers at the University of Toronto's 
Institute for Aerospace Studies (UTIAS), led by Professor 
James D. DeLaurier, have designed and built since 1981. 

In that year, Dr. Ronald E. Barrington, director of com- 
munications-technology research at the Canadian govern- 
ment's Communications Research Center (CRC) near 
Ottawa, foresaw the need for a high-altitude platform that 
could broadcast to wide areas of Canadian territory. He 
initiated the SHARP program, in which UTIAS was con- 
tracted to design and construct test aircraft, with the mi- 
crowave technology being primarily developed at CRC by 
a team led by Joe Schlesak, the project manager. 


Official flight 


The flight I witnessed on Oct. 6 was the first "official" 
one after five previous microwave-powered successes be- 
ginning on Sept. 17. The plane had previously flown many 
times in Toronto in tests of its aerodynamic behavior, 
but only under battery power. 

Soon after a chilly sunrise, a gaggle of TV and print 
journalists, government officials, and researchers assem- 
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bled at the test site on CRC’s guarded grounds. A famil- 
iar profile—a parabolic microwave dish antenna some 15 
feet across—pointed at the lowering sky. And at one end 
of the field, a geodesic radome—a Bucky Fuller original 
—sheltered the SHARP. 

First came a few speeches. Flora MacDonald, Canada’s 
communications minister, hailed the event (in both En- 
glish and French, de rigueur in the nation's capital) as a 
world-scale breakthrough in both communications and 
flight comparable with the Wright Brothers' first flight. 
William C. Brown, experiencing the fruition of a near 
30-уеаг effort, said, "There have been paper studies done, 
but you people did the real experiments." (Brown, a pio- 
neer in microwave power transmission, helped develop the 
rectenna that converts microwaves to DC current—see 
sidebar.) 

Then a CRC team carried the SHARP-5 gingerly from 
the radome. Schlesak looked concerned. The winds were 
gusting more than 11 miles an hour, higher than any in 
which the craft had flown. Nevertheless, at 8:15 sharp, 
Tom Ohno hand-launched the little plane into the air (“it’s 
like throwing a javelin," said DeLaurier). On takeoff, the 
plane is powered by nickel-cadmium batteries feeding an 
electric motor driving a 25-inch propeller, and is controlled 
from the ground by radio. It must rise high enough—about 
300 feet— before it can intercept the microwave beam from 
the antenna. This morning, the controls were being han- 
dled by Gerry Bower, a competition-level expert with radio- 
controlled gliders. 


Hairiest flight yet 


It was clear from the outset that Bower was having wind 
trouble, struggling to keep the plane from total disaster. 
Spiraling slowly and erratically, SHARP took four wob- 
bly minutes to gain enough altitude. Then Bower switched 
the plane onto the 10-kilowatt microwave beam from the 
antenna. As the plane circled overhead and the dish 
tracked its path, we could hear the change in the whine 
of the tiny one-half-horsepower electric motor on board, 
slowing and speeding as the turning plane intercepted less 
or more of the beam power. The SHARP stayed on micro- 
wave for three and a half minutes, despite the near-stalls 
engendered by wind gusts. After the flight Bower said, 
"These were the worst conditions we've ever flown in, and 
the hairiest flight yet." 

As the SHARP-5 came to a smooth gliding stop on its 
protective “whiskers,” a cheer went up. DeLaurier beamed 
and said, “It’s moments like this that make a whole career 
worthwhile." 

For SHARP-5, acclaim and retirement arrived simulta- 

Continued 


“It’s like throwing the javelin,” says 
Prof. James D. DeLaurier of the Uni- 
versity of Toronto’s Institute for Aero- 
space Studies as he hand-launches the 
SHARP-6B (above). The 6B underwent 
aerodynamic testing before being 
transferred to Canada’s Communica- 
tions Research Center outside Ottawa, 
where it was fitted with a rectenna 
prior to flying on microwave power. 
The first plane to achieve sustained 
flight on microwave power is the 
SHARP-5, captured in its official flight 
Oct. 6, 1987, at left. The dimensions of 
the two craft are similar, but the 
SHARP-6B has superior performance 
and will be the basis for an eventual 
full-scale prototype. 
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neously. "It's going straight to the National Museum in 
Ottawa," DeLaurier told me. Even as it made its valedic- 
tory flight, a newer, aerodynamically superior UTIAS de- 
sign, the SHARP-6B, was being readied for testing. 

“The 6B just flies beautifully,” said DeLaurier. “You no- 
ticed how long it took the SHARP-5 to get to altitude... 
the 6B will take half the time." The differences between 
the two versions can be seen from the pictures in these 
pages. Although their dimensions are approximately the 
same, the two craft have strikingly dissimilar designs. The 
SHARP-5's wings form a 12-degree dihedral, like those of 
a turkey vulture (one of which once came disquietingly 
close to the plane, apparently to investigate an invasion 
of its territory). The SHARP-6B, with the same wingspan, 
has a much more efficient airfoil. “The stabilizer on the ‘5’ 
operates somewhat poorly in the downwash of the wing 
and the disc. It occupies a bad place on a plane like this 
with a big pizza on it. So for the 6B we essentially moved 
the stabilizer forward and turned it into a movable ca- 
nard for pitch control. The pizza itself remains a nonmov- 
ing surface and now acts as the only stabilizer.” The main 
function of the pizza—a 3¥2-foot-diameter disc in both 
versions—is to provide extra area for the microwave 
rectenna, which lines not only its undersurface but the 
undersides of the wings and fuselage as well. One of the 
reasons the dihedral of the SHARP-5 was unsuitable for 
a microwave-powered plane, Schlesak said, was because 
it angled the wing rectenna away from the beam. 


From microwaves to current 


"There are actually four hundred little rectennas in the 
thin-film etched circuits underneath these planes," Schle- 
sak said. "Each antenna element is a dipole, like a T-shaped 
FM antenna, made of flat copper wire. Each of these ele- 
ments is connected to four diodes. It would be nice to use 
the gallium-arsenide diodes Bill Brown uses in his rec- 
tennas, because they can rectify four watts of power in- 
stead of the quarter watt we get with silicon. But they 
cost forty dollars compared with just one dollar, and they 
are noisy. The CRC rectenna design has a unique feature. 
There are actually two critically spaced layers of rectennas, 
with one layer having dipoles arranged at right angles to 
the other. This allows for maximum power collection as 
the airplane circles, without having to twist the trans- 
mission antennas on the ground to stay aligned with the 
dipoles on the plane." 

When the 2.45-gigahertz microwave beam hits the cop- 
per dipoles, it induces an alternating current in the wires. 
The rectification circuits turn the current into DC, and a 
collector feeds that current to a high-performance electric 
motor using samarium-cobalt magnet technology. "A fore- 
runner of this motor was developed for the Solar Chal- 
lenger [June '81]," Schlesak said. "The one we use is an 
off-the-shelf item capable of 300 watts. We use 150 watts 
to fly the plane. And the propeller is a highly efficient 
slow-speed design, about 1,400 rpm, similar to that used 
by MIT for the Daedalus man-powered aircraft [^88-Pound 
Pedal Plane," Feb. '87]. Maximum design speed for the 
6B is about 22 mph.” 

The ultimate SHARP will have a design speed of about 
120 mph to enable it to keep station in the winds that 
are anticipated at 70,000 feet. It will have a wingspan of 


A triumphant SHARP-5 rests after its successful official 
flight on microwave power (top). The “pizza”—large disc 
—has a top layer of chromed Mylar plastic film to reflect 
the back signal of the rectenna. The plane was sustained 
by a 10-kilowatt microwave beam from a 15-ft.-wide para- 
bolic dish on the ground (middle). At bottom, CRC techni- 
cian Tom Ohno displays the multi-element rectenna lining 
the underside of the wings, fuselage, and pizza. 


130 feet, a disc about 30 feet in diameter, and some 10,000 
rectennas. It will be computer controlled by an on-board 
autopilot and carry 200 pounds of payload. Its power re- 
quirements: 500 kilowatts of generated microwave beam, 
which eventually becomes 30 kilowatts delivered to a motor. 
The power flux density at the underside of the plane at 
70,000 feet would be 500 watts per square meter. 
“That’s about the level used in hospitals for microwave 
therapy,” Schlesak said. “If you were sitting in the beam 
up there you'd feel a slight warming sensation... We're 
designing the ground transmitting system so that the 
power level at any point above the antennas is safe, below 
the national safety standard. You could fly a hot-air bal- 
loon over the system and be safe; so would a flight of ducks. 
At higher altitudes, airline passengers would be shielded 
by the metal frame of the plane, and it would take only 
an instant to fly through the beam. The thing we're look- 
ing at carefully is possible interference with the plane's 
avionics, but as you saw today, our own SHARP flew under 
radio control with an unmodified receiver on board." 


How many antennas? 

The design altitude of 70,000 feet 1s dictated by various 
constraints and objectives: Antenna physics, aircraft ca- 
pabilities, ground coverage, and, of course, cost, all play a 
part. At 70,000 feet, the SHARP will fly in a circle no 
more than about 2v2 miles in diameter, an extremely small 


| Microwave power transmission: a brief history 


| The path to transmitting electricity via microwaves has been long and 


tortuous. Besides Nikola Tesla, such pioneers of electrical research 
as Heinrich Hertz (the first to generate and detect radio waves), Charles 
Steinmetz, and Guglielmo Marconi proposed ambitious schemes to 
broadcast electrical power using radio waves. None was successful, 


| for a variety of reasons. One of the the most important is that radio 


| waves are too long to be easily focused into a tight beam. 


Both radio and microwaves are forms of energy belonging to the 


| electromagnetic spectrum along with light, X-rays, and gamma rays. 


| All propagate through space and differ physically only in wavelength 


and frequency. Actually, microwaves could simply be called radio waves 
of very short wavelength and high frequency. The AM radio band, 
with frequencies beginning at 560 kilohertz (thousands of cycles per 


| second), has wavelengths in the hundreds of meters. The waves gen- 


erated in the ubiquitous microwave oven have a frequency of 2.45 


| gigahertz (billions of cycles per second) and a wavelength measured 


` only in centimeters. With short wavelengths, microwaves can be tightly 


| focused and are today used extensively to transmit TV signals. 


Communication is one thing, electrical transmission something else 


: entirely. Theoretically, microwaves are broadcast to a distant receiv- 


ing station, where they are transformed into electricity. But to get 


| something usable at that end, very high power levels must be trans- 
| mitted. For almost four decades into this century, unfortunately for 


Tesla's dream, there were no means of generating even a few milli- 
watts of microwave power. Then came the klystron tube, and next the 
magnetron, developed during World War 11. (Magnetrons now supply 
the radiation in home microwave ovens.) Both devices are capable of 
high-power microwave generation. 

- -One of the first seriously considered proposals for microwave-powered 
flight was launched by William C. Brown at Raytheon Corp. in 1959. 
It was to be a large unmanned helicopter sustained at 50,000 feet 
to carry out communications and surveillance missions for the De- 
partment of Defense. By 1964, working on an Air Force contract and 
with some involvement by NASA and the Jet Propulsion Laboratory, 
Raytheon was able to fly a small tethered helicopter 60 feet above a 
transmitting antenna. 

Probably the most important element in the project was that Brown 
and his fellow engineers solved the critical problem of how to convert 
the microwave beam into the desired DC current at the aircraft; when 
radio waves are intercepted, they produce an alternating current in 
the receiving antenna. Brown's solution was the “rectenna’’—an as- 


angle for the antennas on the ground to track through. 

"Because this will be a focused system," Schlesak ex- 
plained, "the beam width is designed to match the size of 
the airplane. In our case, the beam width is about 100 
feet, and it is very narrowly focused, practically a pencil 
beam. From theory, you. need at least a 230-foot antenna 
on the ground to get a circular 100-foot spot at the plane. 
There are several ways to get that effective diameter. You 
could have one 230-foot dish. But that would be terribly 
expensive to steer, and it would mean single-point fail- 
ure: If anything went wrong with it, you'd have zero power 
at the plane. At the other end of the spectrum, you could 
have the arrangement favored by Bill Brown, a phased 
array, electronically steered, consisting of four thousand 
little elements—slotted wave guides." 

The CRC plan lies somewhere in between: 260 15-foot 
dishes using a combination of mechanical and electronic 
beam steering. 

Cost? The CRC group estimates the cost of the plane 
itself, including the rectennas and an array of solar cells 
on the top surface, would be about $2 million. The solar 
cells would provide power to launch the plane before it 
got into the beam and augment battery charging. The 
batteries would be primarily for a communications pay- 
load, in case the beam were lost for a few instants. “You 
dont want to interrupt someone's TV reception in the mid- 
dle of an NFL game,” said Schlesak. "Solar cells would 

[Continued on page 106] 


semblage of little dipole antennas connected to a network of semi- 
conductor diodes that rectify, or convert, AC to DC. Such diodes had - 
never before been used as power rectifiers. Three thousand of them | 
were used in the Raytheon helicopter test. That early rectenna proved 
too heavy to be practical for flight, however. The Air Force's eager- 
ness dwindled, and the project ended. 

It took until the next decade for a revival of interest in power trans- 
mission by microwave, this time from the sky down rather than from- 
the ground up. NASA and the Department of Energy, spurred by the 
developing energy crisis of the '70s, became interested in the con- 
cept of giant space satellites that would receive solar energy, convert 
it into microwaves, and beam the energy down to receiving stations - 
on Earth, where it would be converted to electricity. The concept, 
called the solar-powered satellite, or SPS, was originally proposed by 
Peter Glaser of Arthur D. Little Co. in 1968. By 1971, Raytheon and 
Brown, together with Grumman Aerospace Corp. and Textron, joined 
in exploring the ramifications of the project; by '73, NASA had be- 
come involved. E d 

Had the SPS program actually gone forward, it would have been 
the greatest mega-engineering feat of all time, dwarfing the entire - 
Apollo program many times over. By the year 2030, there would have 
been 60 satellites in geosynchronous orbits around the globe, each 
sporting solar panels the size of Manhattan island. The total micro- · 
wave output of the network: 300 billion watts, half the generating 
capacity of the United States in 1980. Estimated cost: $1.3 trillion. | 

Even this staggering sum was held to be two-and-a-half times too . 
low in a 1981 National Research Council report on the SPS, which : 
also concluded that the energy costs from the system compared un- | 
favorably with other sources. The SPS concept was effectively shot | 
out of the sky. 

But there was an important SPS spinoff. As part of the research, - 
NASA's Marshall Space Flight Center had sponsored a program to 
develop the most efficient possible DC-to-DC microwave-transmission 
system. And one result was an invention vital to the progress of 
microwave-powered flight. In 1982, Brown (still at Raytheon) and 
James F. Triner of NASA announced the development of a thin-film 
plastic rectenna using printed-circuit technology that weighed only. 
one-tenth as much as any previous rectenna. The discovery coincided 
with the beginnings of the Canadian program at CRC; when the 
SHARP-5 flew there on microwave power last fall, it carried aloft a 
version of the thin-film rectenna.— A. F. 
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MANUFACTURED 


In the event of a nuclear-reactor disaster, the containment building is the only barrier be- 
tween lethal radiation and the environment. At Sandia National Laboratories, engineers 
are running realistic tests to find out just how effective these structures would be. 


By RAY NELSON 


ALBUQUERQUE, N.M. 
t is hot and dry in the foothills of the Manzano Range 
| as I climb 15 feet up a steel scaffold and wriggle through 
a miniature air lock into what feels like the darkness 
of an ancient tomb. Actually, it is a 37-foot-high, one-sixth- 
scale nuclear-reactor containment building, but when the 
lights go on, I can see that this building is certainly not 
containing much anymore. Its “6-inch-thick steel liner is 
buckled here and there, rumpled like a badly made bed. 
There is a prominent 22-inch tear in the metal near an 
equipment hatch. Various pinhead-size studs have popped 
loose from the liner, studs that served to anchor the steel to 
the 9?4-inch-thick reinforced-concrete shell of the building. 
On the outside, cracks trace veined patterns on the con- 
crete surface, giving it the look of an old, much abused 
sidewalk. There are even larger cracks, up to Vs inch wide, 
around the equipment hatches. Barely discernible to the 
eye, but structurally significant, the domed building is no 
longer cylindrical; it has bulged outward at its midsec- 
tion, a four-inch increase in the building's 22-foot diameter. 
What caused all this damage to a structure built by 
Sandia National Laboratories engineers to full-size-reactor 
specifications? Fortunately, it was only a test: Nitrogen 
gas, instead of radioactive steam, was pumped into the 
sealed building in several stages of escalating pressure to 
test the structure to failure. The test is important because 
it provides information to help predict what will happen 
to a real containment building during a major accident. 
With modern nuclear power reactors capable of unleash- 
ing five or six times more fallout than the Hiroshima bomb, 
their steel-and-concrete containment structures represent 
the final barriers to nuclear tragedy. 


Uncertain capabilities 

The cylindrical, domed containment buildings of com- 
mercial power reactors are 100 to 200 feet tall with mas- 
sive concrete walls averaging 3! to 47 feet in thickness, 
typically reinforced with immense, thickly layered steel 
reinforcing bars. The steel vessel housing the reactor core 
is a gigantic pressure cooker containing water heated as 
high as 620 degrees F, kept from boiling because it is pres- 
surized to 2,250 pounds per square inch. Accidental loss 
of cooling water and the accompanying train of events can 
lead to a steam explosion of catastrophic proportions, rup- 
turing seals, hatches, or valves, and in a worst-case sce- 
nario even tearing apart the steel-and-concrete walls of 
the containment building. Sandia engineers periodically 
conduct integrity tests on these working containment build- 
ings, which are designed to withstand pressures of up to 
60 psi—enough pressure to level an ordinary building. 
But the buildings are built to exceed their design strength. 

"The ultimate containment capacity of these buildings 
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has been somewhat uncertain," says Walt von Riesemann, 
supervisor of Sandia's Containment Integrity Division. Be- 
cause of controversy over the safety of nuclear power, the 
engineers would like to be able to make firmer predic- 
tions about how these buildings will perform. The uncer- 
tainty, according to Dan Horschel, the Sandia project 
engineer, is due to the difficulty in predicting how well 
concrete will hold up. “Unlike steel, concrete is made from 
at least three different materials: stone, sand, and mor- 
tar. And it behaves differently in tension than in com- 
pression," he says. Furthermore, in most reactors the 
concrete is reinforced with steel bars. As the concrete gives 
out, the containment load shifts to the steel. 

“The best way to validate the models is to compare them 
with tests that simulate accident scenarios as closely as 
possible," says von Riesemann. 

Taking it to the limit 

Accident scenarios and other such destructive tests are 
the realm of von Riesemann’s division at Sandia. They 
drop containers from the air, shoot them, blow them up, 
ram them, crush them, burn them, and do anything else 
needed to improve the safety of various kinds of containers. 

As part of a U.S. Nuclear Regulatory Commission test- 
ing program, Sandia had spent a year building this par- 
ticular model and equipping it with an elaborate network 
of more than 1,200 sensors to monitor interior and exte- 
rior damage during the experiment. Meticulously built to 
the same standards as full-size containments, the Sandia 
model was not designed as an exact replica of any single 
design but to be typical of the containment buildings of 
most power reactors. Its design pressure was 46 psi. The 
experiment was conducted to analyze computer codes used 
in predicting structural failures that might occur during 
accidents. 

For the test, pneumatic pressure was used to take the 
building intentionally to failure, pushing the structure 
far beyond the level of stress that occurred in the Three 
Mile Island mishap, where the maximum overpressure was 
a "spike" of 28 psi. 

When the structural-integrity test began on July 28, 
1987, technicians, like soldiers digging in for the night, 
holed up in a bunker 1,500 feet from the site. Nitrogen 
flowed out from the storage tanks, passed through a bright 
yellow gallery of valves, then hissed into the containment 
building through a silver-colored woven-steel hose. From 
their bunker, the project engineers raised the gas pres- 
sure inside the building in five increments up to 53 psi, 
then reduced it to zero. Immediately after the surge, robot 
arms holding video cameras began recording the expected 
network of minor cracks that appeared on the outer walls 
of the building. The engineers then installed additional 
sensors on the containment building and brought pres- 
sure back up to 46 psi—the design limit—to test for small 

[Continued on page 113] 
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| through a hose (top right), the outer 
concrete walls began to crack, espe- 


A Sandia experiment to pressurize a 
scaled-down containment building (left) 


until it failed provided important in- 
formation for computer models that 
predict the effects of nuclear-reactor 
accidents. As nitrogen gas—simulating 
pressurized radioactive steam—was 
pumped into the containment building 


cially around equipment hatches (mid- 
dle). Finally, after pressure was in- 
creased to 145 psi—more than three 
times the building's design limit —a 
22-in. gash appeared in the steel liner, 
signaling building failure (bottom). 
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Make home “movies” that equal the quality 
of professional broadcast-news-gathering 
teams. Watch prerecorded tapes that are so 
good they could surpass the limits of your ТУ. 
Price for these new machines? Stiff. But that 
could change, making S-VHS the standard 
for future home video recording. 


By GORDON McCOMB 
Photos by Greg Sharko 


K 


eep your eyes on the display nearest you,” says Steve 
Isaacson, general manager of JVC Co. of America’s 
consumer-video division. Dozens of video monitors 
throughout the New York hotel ballroom momentarily 
flicker, then burst to life with vivid color pictures. “This 
is Super-VHS,” announces Isaacson. 

The detail of the prerecorded images flashing on the 
screen at this first U.S. showing is unmatched by any con- 
sumer product I’ve seen, including videodisc. Veins in a 
tree leaf stood out as black threadlike lines, not sketchy 
dark blurs. I could see the fuzz on a peach, and the sharp, 
shiny edges of dining crystal were distinct and clearly sep- 
arated from the scene’s background. 

Unlike HQ circuitry that’s been added to a standard 
VHS VCR [Dec. '86], Super-VHS, or S-VHS, is an en- 
tirely new recording system. It was first introduced in 
Japan [July '87], and now, since the U.S. showing, S-VHS 
VCRs are arriving here. 

The advantage of S-VHS over standard VHS: superior 
picture quality. With an S-VHS camcorder, you can make 
home “movies” that rival the quality of professional in- 
Continued 
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surface difference 
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ss of about 14 nanometers, or 14 billionths 


of a meter, from peak to valley. S-VHS tape is about four 


times denser and about one-fourth as rough. Measuring this 
ultra-smooth surface was a problem for 3M scientists. Con- 
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FM CARRIER E 


DRAWING BY ELIOT BERGMAN ЕЕЕ 

5 4-7 MHz 
FM carriers contain the video information that is to be | 
recorded. The standard-VHS FM carrier (top) is 1 MHz 
wide and holds about 240 lines of resolution. The S-VHS 
system above uses a 1.6-MHz bandwidth for up to 430 
lines. The color сре has not T— location. 


"ш field network-news cameras. And with ап S-VHS home 
deck, you can accurately record broadcast TV and even 
the high-resolution pictures available from satellite TV 
or videodiscs. 

But now that S-VHS VCRs and camcorders are available, 
it has become clear that S-VHS has disadvantages, too. The 
new machines cost $1,000 to $2,500 and are not totally 


Super VHS VCRs and camcorders 


14-day/8 events 
1-mo./8 events 
1-mo./8 events 
1-yr./8 events 

| 1-yr./8 events 


compatible with present VHS VCRs. And to see any dif- 
ference between tapes from an old VCR and tapes from 
an S-VHS VCR, you might have to buy a new TV set. 
Heavy trade-offs to see peach fuzz? Yes, that's why S-VHS 
makers are gearing the system to the video gourmet. 


Revolution in resolution 


"You're watching a prerecorded picture with four hun- 
dred lines of resolution,” says J VC’s Isaacson. The S-VHS 
deck he controls looks like any other VCR, and it has sim- 
ilar features: three-speed recording, wireless remote con- 
trol, multiple-event programming, review, cue, and still 
frame. But inside, the electronics records the video signal 
in a wider bandwidth for higher resolution. And because 
video, or luminance, and color, or chrominance, signals 
are split, all picture distortion caused by interaction be- 
tween the two signals—called crosstalk—is eliminated. 

“Conventional VCRs record the video signal on tape in 
a one-megahertz bandwidth between 3.4 and 4.4 mega- 
hertz,” explains Ted Kaneko of JVC. At that bandwidth, 
VHS recorders have been limited to a maximum of 240 
lines of resolution. “The luminance signal for Super-VHS 
is 1.6 megahertz wide,” continues Kaneko, “and is shifted 
up to 5.4 megahertz.” 

The expanded bandwidth contains more video informa- 
tion, enough to hold up to 430 lines of resolution, accord- 
ing to JVC. That’s professional broadcast quality. But to 
get that high-quality picture out of the VCR, video and 
color signals are extracted differently than they are from 
conventional decks. 

“In a conventional VCR, luminance and color signals 
are blended together when processed by the VCR’s cir- 
cuitry" says Kaneko. “They are not separated until in- 
side the television set.” 

Even a high-quality television or video monitor cant 
completely separate the mixed signals once the VCR com- 
bines them into a composite video output. The two sig- 
nals interact with each other causing crosstalk. “The 
crosstalk appears as reduced sharpness and as a waving 
herringbone, or rippling, effect,” says Kaneko. The her- 
ringbone pattern is noticeable when a tight, regular 
pattern—such as Venetian blinds on a window—is dis- 
played on the screen. 

“In Super-VHS, the color and luminance signals are 
still recorded together on the tape,” says Kaneko, “but 
they are not mixed by the deck’s circuits into a composite 
video signal.” 

Because the signals to the TV are kept discrete, crosstalk 
is eliminated, and color levels can be turned up to create 
a brighter, more vivid picture. But the two separate out- 

[Continued on page 114] 
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"Number of air/cable channels accessible by tuner; "programming timer: time interval/number of events per interval; “VHS index and address feature; 
‘not available: "image pickup type: CCD (charge-coupled device); MOS (metal-oxide semiconductor) 
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What flips — 


Earths field? 


Hundreds of times in the past, Earth's north and south magnetic poles have changed places. 
No one knew why or how. Nor could anyone account for a string of remarkable coincidences, 
involving magnetic reversals, mass extinctions of living species, climatic changes, and giant 
craters. Now there is a startling theory that ties them all together. 


By ARTHUR FISHER 


by his mother and father was mesmerized by the sight 

of an ordinary compass. No matter which way he turned 
the instrument, its needle pointed unvaryingly in the same 
direction, as if held by some magical force. It was the 
very first time, he wrote some time later, that he had 
been aware that “something deeply hidden had to be be- 
hind things.” 

The child was Albert Einstein, and the magical, hidden 
force was magnetism, a force he spent his whole life trying 
to fathom. In 1905, Einstein listed the 
puzzle of Earth’s magnetic field as one 
of the five most important unsolved 
mysteries in physics. How was the 
field generated? Why did Earth have 
one in the first place? 

Just one year later, the mystery 
deepened dramatically when Bernard 
Brunhes, a French physicist and me- 
teorologist, made a startling discov- 
ery: Some time in the past, the field 
had flipped. What was now the north 
magnetic pole had actually once been 
a south pole. 

Today geophysicists know that such 
geomagnetic reversals have taken 
place some 300 times in the last 170 
million years. They start with a sud- 
den drop of the field intensity toward 
zero, where it remains for an extended 


| п 1884 at the age of five, a boy considered “backward” 


It was in rocks that man first became aware of the phe- 
nomenon of magnetism. Millennia ago, the ancients ob- 
served that bits of the rock we now call magnetite—rich 
in mixed iron oxides—could attract iron objects. The sub- 
stance eventually came to be called lodestone, which meant 
“leading stone” in the language of the Norsemen. They 
had found it to be useful for navigation because a piece of 
it freely suspended would always orient itself roughly along 
a north-south axis. That convenient bit of knowledge was 
known to the Chinese, perhaps as early as 2700 B.C. By 
the second century B.C., the Chinese had drawn the con- 
nection between the behavior of magnetic compasses and 
Earth’s own magnetism. 

The connection was not clarified in 
the West until 1600, when William 
Gilbert of Colchester, personal physi- 
cian to Queen Elizabeth I, published 
a seminal book, De Magnete. He sum- 
marized everything that was then 
known on the subject and declared 
that compasses worked because Earth 
behaved like a giant bar magnet. Such 
a magnet produces a field with a north 
pole and a south pole (today called a 
dipole field). 

It did not take long for scientists 
to realize that the magnetism found 
in rocks could be related to that of 
Earth—could, in fact, constitute a re- 
cord of it. Robert Boyle was possibly 
the first, in 1691, to suggest that solid 
materials that had been heated to a 


period. Then, after 10,000 years or 
so, it builds back up to its original 
value—but in the opposite direction. 


Richard Muller (right) and Donald Mor- 
ris propose a new theory to account 
for reversals of Earth’s magnetic field. 


high temperature could become mag- 
netized by Earth’s field when they 
cooled. 


Until recently, there was no satisfac- 

tory explanation for the bizarre flip-flops. Now there is 
an extraordinary and controversial theory that provides a 
mechanism to account not only for the reversals them- 
selves, but also for the not-so-coincidental mass extinc- 
tions of life on Earth. The proposed cause of both: regular, 
titanic collisions between Earth and massive asteroids or 
comets. According to the theorists, Richard Muller and 
Donald Morris of the University of California, Berkeley, 
evidence in support of their ideas can be read in the re- 
cord of the rocks. 


The phenomenon is called thermo- 
remanent magnetism and is most prominent in rocks of 
volcanic origin. When such rocks are molten, in the form 
of lava, their temperature is generally more than about 
1,000 degrees C. That is much higher than the Curie tem- 
perature (named after Pierre, not Marie), the point above 
which magnetic minerals lose their magnetic characteris- 
tics. (The Curie temperature for magnetite is about 575 
degrees C; for hematite, about 675.) But when lava cools 
and solidifies on Earth's surface, the magnetic minerals 

Continued 
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b Oo 2 ° 
Top, a device called an orienting tube is used to mark the 
spatial orientation of a rock core so its magnetic polar- 
ity сап be established. Above, molten lava from Hawaii's 
Kilauea volcano will record Earth’s present magnetic field 
when it hardens. Right, a geologist drills a core at Antarc- 
tica's Thief Mountains for evidence of paleomagnetism. | 


are strongly magnetized in the direction of Earth’s field. 
They retain this magnetism, which serves as a perma- 
nent record of the orientation and intensity of Earth’s field 
in the place and at the time they solidified. And because 
the age of rocks can now be well established in a variety 
of ways, this frozen magnetic memory provides a record of 
any changes in the ancient magnetic field. So examina- 
tion of this record of the rocks can elucidate much about 
Earth’s history. By the mid-19th century, such studies of 
paleomagnetism had become very lively. 

Enter Bernard Brunhes. 

Born in Toulouse, France, into a family of savants, 
Brunhes had begun in 1901 to sample rocks from differ- 
ent places and ages and study their magnetism. Because 
he knew that volcanic rocks were the most promising, he 
traveled to the region of France called the Auvergne: poor, 
sparsely populated, and dotted with the scattered domes 
of ancient, extinct volcanoes. 

In 1906, Brunhes brought back to Paris a number of 
samples he had taken from Auvergnat lava flows and the 
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PHOTO: ANNE GRUNOW LAMONT DOHERTY GEOLOGICAL OBSERVATORY, AND DEPT. OF GEOLOGICAL SCIENCES, COLUMBIA UNIVERSITY 


baked clay beneath them. When he began his analysis, 
he expected to find some slight variations in the mag- 
netic field recorded from sample to sample. But he was ill 
prepared for what his instruments revealed. The magnetic 
field orientation in what is known as the Pontfarein flow 
and the underlying baked clay strata was almost exactly 
180 degrees opposite to the present direction of Earth’s 
magnetic field. Where there should have been a north mag- 
netic pole, Brunhes found a south. 


The only answer: magnetic reversals 


Brunhes recorded his stunning observations and drew 
the inevitable conclusion: Some time in the past, some- 
how, Earth’s magnetic field had reversed—the poles had 
changed places. As befalls many scientific discoveries that 
reverse previous notions, Brunhes’s work proved indigest- 
ible to most of the geophysical community, being little no- 
ticed at first. 

The notion of magnetic-field reversals was not system- 
atically tested until 1926, when Motonori Matuyama of 


fi Peaks in the ratio of carbon to nitrogen in sediments 
of an ancient lake bed at the Karewa Plateau in the Vale of 
Kashmir indicate the sudden onset of unusually cold spells. 
High ratios mean the dwindling of nitrogen, a sign that the 
population of algae and protein-rich plankton shrank, ar- 
guably because of a drop in temperature. The peaks align 
closely with geomagnetic reversals at 2.0, 1.9, and 0.7 mil- 
lion years ago. The bars below this and the second graph 
show geomagnetic changes with time. Black indicates nor- 
mal polarity, white reversed. These data were gathered by 
R. V. Krishnamurthy and colleagues at India's Ahmedabad 
Physical Research Laboratory. 


Tektites—small, variously shaped glassy objects—are 
now known to have been formed from the globs of molten 
matter sprayed from craters that were created by the im- 
pact of large extraterrestrial objects. Cores from sea-floor 
sediments reveal the sudden appearance of tektites, repre- 
sented by the peaks in this graph, just at the boundaries of 
geomagnetic reversals. The orange peak marks the Austral- 
asian tektite layer, associated with Asian craters. The red 
peak marks the Ivory Coast tektite layer, associated with 
the Bosumtwi crater in Ghana. The graph is freely adapted 
from data compiled by Bill Glass and colleagues at the Uni- 
versity of Delaware. 


The rate of geomagnetic reversals, in numbers per five 
million years (red), shows a marked periodicity—every 30 
million years. David Raup and colleagues at the University 
of Chicago amassed the data on 296 reversals occurring 
over the past 170 million years. Superimposed on this graph 
is another (orange), less definitive, showing 29 sudden sea- 
level drops of 10 meters or more, compiled from data sup- 
plied by Peter Vail. Some parts of each graph roughly 
correspond, especially the low incidences of reversals and 
sea-level drops centered around 100 million years ago. 


The intensity of mass extinctions—times of the disap- 
pearance of many groups of living creatures— plotted for 
the past 170 million years by David Raup, suggests a possi- 
ble correlation between the periodicity of extinctions and 
that of geomagnetic reversals. The reversal theory of Muller 
and Morris provides a mechanism that could account for 
all of the coincidences shown here. 


Kyoto Imperial University in Japan began to collect and 
analyze more than 100 rock samples from 38 locations in 
Manchuria and China. He found that all the samples 
showed magnetism either aligned with Earth's present 
magnetic field or opposite to it. Moreover, he was the first 
to establish the ages of such rocks and thereby establish 
a timing for the reversals. He concluded that Earth's field 
had reversed itself in the distant past and then changed 
back to its present “normal” direction around 750,000 years 

ago, an estimate that has since been proven correct. 
Nevertheless, the whole subject of reversals remained 
hotly controversial for decades. Perhaps, some geologists 
suggested, a rock could somehow automatically reverse 
its magnetization, without any nonsensical reversing of 
Earth's own field. In 1955, the agenda of a National Sci- 
ence Foundation conference on rock magnetization posed 
the question, “Do we have acceptable proof that the Earth's 
field reverses?" It was not until the mid-1960s, after an 
overwhelming accumulation of evidence, that most scien- 
Continued 
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tists agreed that Earth had indeed undergone such rever- 
sals many times in the past. 

Consensus on the fact of geomagnetic reversals did noth- 
ing, however, to dispel the mystery of how and why they 
occurred, especially since geophysicists were unable to ex- 
plain exactly how Earth’s field was generated in the first 
place. The only model for geomagnetism that has survived 
centuries of theorizing are versions of the self-exciting 
dynamo. 

In this picture of the geodynamo, heat from the radio- 
active elements at the core of Earth produces convection 
flows in the liquid-iron outer core, which is electrically 
conductive. The motions of this conductor in a magnetic 
field (perhaps the remnants of a field originally gener- 
ated during the planet’s birth) induces an electric cur- 
rent, which in turn generates a different magnetic field. 
And the geometry of the flows, currents, and fields is such 
that there is a feedback effect, enough to ensure a large 
buildup in Earth’s principal magnetic field until an equi- 
librium is reached. 

The trouble is that there are many 
such models feasible, some with two 
or four dynamos operating within 
Earth. As one expert put it, every dy- | 
namo theorist has a model, and по bü 
model agrees with another. Any at- 
tempt to sort these versions out math- 
ematically is formidably difficult. The 
equations governing the magnetohy- 
drodynamic behavior of the liquid core 
are so complex that they are virtu- 
ally unsolvable, even on the most pow- 
erful of today's (and probably the next 
decade's) supercomputers. 

One of the virtues of the new the- 
ory, Muller says, is that it doesn't 
depend on the correctness of any par- 
ticular dynamo model, “but on the de- 
tails of what is down there inside 
Earth.” 

Muller is an astrophysicist and 
a professor of physics and astronomy 
at Berkeley. Morris, who once created 
a highly successful company mak- 
ing ceramic magnets in India, is now working on high- 
temperature superconductors. The genesis of the Muller- 
Morris scenario can be traced indirectly to Nobel laureate 
Luis Alvarez, whose student at Berkeley Muller once was. 
It was Luis Alvarez and his son Walter who in 1979 first 
launched the radical notion that the recurrent wipeouts 
of many life forms on Earth—mass extinctions—were 
caused by giant impacts with extraterrestrial objects. 

Each impact, Alvarez pére et fils proposed, rocketed a 
massive cloud of dust and debris into the atmosphere, a 
cloud that obscured sunlight long enough to inhibit pho- 
tosynthesis, markedly lower world temperatures, and 
wreak climatic havoc, causing the extermination of whole 
families of animals, such as the dinosaurs [“How Science 
Traced the Killer Asteroid," Feb. '83]. Subsequently, other 
scientists suggested that just such a chain of catastrophes 
would result from major nuclear warfare, a concept that 
came to be known as “nuclear winter.” 

An equally radical idea surfaced in 1984, when David 
Raup, a highly respected paleontologist who is chairman 
of the geophysics department at the University of Chi- 
cago, and his colleague Jack Sepkoski published data show- 
ing that the extinctions occurred with marked regularity, 
at intervals of roughly 26 to 30 million years over the 
past 250 million years. The idea was outrageous to most 
geophysicists and biologists alike, because there was noth- 
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ing on Earth that could account for periodicity on such a 
long time scale. Most paleontologists had always believed 
that mass extinctions were random—how otherwise? 

The explanation, Raup and Sepkoski wrote, was “ex- 
traterrestrial causes for the reason that purely biological 
or earthbound physical cycles seem incredible.” But what 
would induce asteroid or cometary impacts at regular 
intervals? 

A skeptical Luis Alvarez asked Muller to review the 
evidence. “I considered a companion star to our sun, one 
with a period of 26 million years, from the first day,” Muller 
remembers. 

In the scenario that has come to be called “Nemesis,” 
the star would revisit the neighborhood of our solar sys- 
tem regularly, passing through the Oort Cloud, a reservoir 
of perhaps 10 trillion comets in stable, circular orbits. 
There its gravity would unleash a shower of comets on 
trajectories toward the solar system. Over a period of a 
million years, perhaps dozens of these comets would strike 
Earth, with lethal effect. Muller is now engaged in a tele- 
scopic search program to find the 
Nemesis star, if it exists [Death Star,” 
June '85]. 

When Muller told Walter Alvarez, 
a geologist, about the death-star con- 
cept, Alvarez suggested that the peri- 
odic comet showers demanded by the 
theory should have created periodi- 
cally distributed craters. When the 
two men analyzed data on 13 large 
(more than six miles across) craters 
that were between 5 and 250 million 
years old, they found a period of 28.4 
million years that matched the extinc- 
tion record. 

“І got into the magnetic-reversal 
business," says Muller, “when I re- 
ceived a copy of Dave Raup's 1985 
paper showing an increase in the rate 
of reversals at regular intervals—ten, 
forty, seventy million years ago." Raup 
had analyzed 296 reversals during the 
last 170 million years and graphed the 
rate of reversals per five million years. 
The startling result, with a periodicity of 30 million years, 
appears in the illustration on these pages. 

"That lines up very well," says Muller, *with the mass 
extinctions and also with our crater dating. Now that's a 
funny coincidence—too much so. And I just couldnt ig- 
nore it. The two other cycles, extinctions and cratering, 
are due to impacts. If that is true, and all three cycles 
coincide, then impacts must cause geomagnetic reversals. 
So for about a year and a half I tried to come up with 
some way to connect an Earth impact with a reversal." 

The problem is one of scale. Àn impact with even a large 
asteroid or meteor would not seem to carry enough en- 
ergy to seriously disturb Earth's motion in space. 

"Consider a big object, say ten miles in diameter," Muller 
says. “Earth has a diameter of eight thousand miles... 
call it ten thousand to simplify the calculation. That's a 
ratio of one thousand to one in diameter, or a million to 
one in volume. Апа that's not even taking into account 
the greater mass density of Earth. So you would expect 
the impact to have a very small effect. It's comparable to 
a moth hitting a car. That's not going to change the speed 
or the direction of the car. On the other hand, it can make 
a mess on the windshield. 

“1 tried to find something comparable to that mess that 
could result in magnetic reversals. The breakthrough came 

[Continued on page 112] 
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By STUART F. BROWN 


ollowing twisty roads through the 
hills of western Massachusetts 
during a freak early-October bliz- 
zard, the Audi 90 Quattro's combina- 
tion of all-wheel drive and anti-lock 
braking makes me feel more in con- 
trol than I thought possible under 
such conditions. The car keeps going 
—and stopping—while vehicles of all 
descriptions become mired in snow- 
banks. Later, cruising on the inter- 
state, I notice the quiet. The air is 
moving easily around the much- 
studied sheet metal and sharply raked 
windshield that give Audi's four new 
sedans their smart, soft-cornered 
appearance. 

The wood-and-leather-appointed 90 
Quattro is at the top of the new 
Audi line. The range also includes a 
less poshly outfitted 80 Quattro, plus 
front-wheel-drive versions of these two 
cars. This family of new cars is de- 
signed to replace the current 4000 
models and boost Audi further upscale 
in the market for European sporting 
sedans. 

When traction is scarce, a novel me- 
chanical feature comes into play: the 
Gleason Torsen center differential 
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[Feb. '84 and “Automotive Newsfront,” 
Feb. '87]. This ingenious device auto- 
matically distributes torque between 
the front and rear wheels as needed. 
When the differential senses one 
wheel beginning to slip, it directs up 
to three and a half times more torque 
to the wheels with more grip. The 80 
Quattro shares this feature. 

This arrangement does away with 
the manually lockable center differ- 
ential used on the 4000 Quattro for 
poor-traction conditions. It also per- 
mits the 90 Quattro's Bosch ABS to 
be active in all normal driving situa- 
tions. ABS, which is standard on both 
Quattro and front-drive 90s, is an op- 
tion on the 80 Quattro. 


Power trains 


The 90 Quattro, front-drive model 
90, and the 80 Quattro are powered 
by the same smooth-running 2.3-liter, 
130-horsepower five-cylinder engine 
used in the 1987 50005. The basic 
front-drive model 80 gets a two-liter 
108-hp four-cylinder engine derived 
from Audi's existing 1.8-liter power 
plant. Both engines have knock sen- 
sors that make them tolerant of vary- 
ing fuel quality, Audi engineers say. 

The two-liter engine also powers 


the model 80 and 90 front-drive cars 
equipped with three-speed automatic 
transmissions. The automatic-shift 
cars incorporate a locking device that 
prevents shifting out of park and into 
a drive gear unless the driver's foot 18 
on the brake pedal— clearly a feature 
designed to combat the unintended ac- 
celeration for which some Audi 5000s 
have been blamed. Standard-shift cars 
get a new five-speed gearbox with a 
well-designed linkage that delivers 
low-effort gear changes. 

А few impressions of the 90 Quattro 
and front-drive 90 I drove: The five- 
cylinder engines deliver good perfor- 
mance when wound up to the higher 
end of the rpm range but are short 
on low-end torque. The 15-percent- 
softer spring and suspension damping 
rates in the 90 yield an excellent ride 
but a hint of a light feeling at the rear 
end of the car. I prefer the slightly 
stiffer Quattro's flat-cornering suspen- 
sion. Whipping through cratered 5- 
turns, the Quattro clings to the pave- 
ment like a leech, transmitting little 
of the commotion below to the driver. 

Prices of the new line: Audi 90 
Quattro, $27,720; Audi 90, $24,330; 
Audi 80 Quattro, $22,700; Audi 80, 
$18,600. 
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Small temperature changes 
cause shape-memory alloys to 
radically change their shape. 
Though this arcane effect has 
tantalized scientists and in- 
ventors for decades, progress 
in finding practical jobs for 
these metals has been pain- 
fully slow. Now designers have 
learned to engineer new alloys 
that act predictably and are 
long lived and cheaper. As a 
result of this, new products 
are finally on the way. Among 
them, an anti-scald shower 
head, never-reset eyeglass 
frames, and Braille computer 
display pads. 


By STEVEN ASHLEY 


linting dully, a two-pound lead 
G weight dangles motionless a 
Р few inches above a laboratory 
table. It is suspended by a coiled 
spring that's stretched to the limit. 
With the faintly mischievous air of one 
about to pull a rabbit out of a hat, 
Tom Duerig, manager of metals re- 
search at Raychem Corp., moves to- 
ward the apparatus. 

He points and says, "This starts 
electrically heating the nickel-titan- 
ium spring." He flicks a switch. There's 
a faint click, and then the hanging 
weight leaps into the air like a stone 
from a slingshot. 

"Magic, huh?" Duerig grins at my 
surprise as he grabs the weight, 
which is gyrating wildly at the end 
of a spring now mysteriously much 
contracted. 

The feat Duerig has just performed 
is not, of course, magic. Rather, it is a 
demonstration of a remarkable and cu- 
rious property of certain metals called 
the “shape-memory effect.” When the 
spring in Duerig's magic act was 
heated, it suddenly returned to a much 
shorter configuration that had been 
previously *memorized." The effect re- 
sults from a complex physical change 
called a phase transformation, in 
which an alloy's crystalline structure 
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shifts from one form to another with 
a change in temperature. Many ma- 
terials undergo such transformations; 
the unique property of shape-memory 
metals is that with a temperature 
variation in the appropriate direction, 
they instantly revert from a distorted 
shape to the original one, which is 
locked into the metal's structure. 
The effect, also called mechanical 
recall, was first observed by Swedish 
researcher Arne Olander in certain 
gold-cadmium alloys in 1932. Six years 
later, the effect was seen in certain 
copper-zinc brasses. But it didnt really 
make a splash until 1962, when 
William Buehler of the U.S. Naval Or- 
dinance Laboratory found that an 
alloy composed of equal parts of nickel 
and titanium exhibited the strange 
phenomenon. He dubbed the material 


“nitinol,” after *nickel-titanium Naval 
Ordinance Laboratory," and the name 
stuck. By the early 1970s workers at 
Lawrence Berkeley Laboratory had 
built a working nitinol heat engine 
that ran when immersed in warm and 
cool water |“The Engine That Runs 
on Sunshine,” April ’74]. 

Workers at the time were optimis- 
tic. “Something remarkable happens 
to nitinol,” said Ridgway Banks, in- 
ventor of the LBL engine. “Nitinol is 
capable of storing more energy for a 
given mass than any substance we 
know." Banks envisioned large motors 
wringing nearly free energy from 
waste heat from power plants, from 
thermal differences in the tempera- 
ture of deep and surface ocean water, 
and from easily collected solar heat. 

Continued 


ШП Memorite eyeglass frames instant- 
ly revert to their original shape when 
placed in hot (130° F) water. 
Dip the metal wheel of Innovative 
Technology International’s Thermo- 
bile into hot water, and the thin loop 
of nickel-titanium SMA wire rotates 
5 around the pair of pulley wheels. As 
each segment of wire is heated, it ex- 
pands and drags the wheel around, 
pulling the next wire segment into the 
hot water, where it expands. 
E The Memory MetalsSMA-brass spring 
expands when dipped in hot liquid. 
Raychem Cryofit coupling cylinders 
are cooled in liquid nitrogen and 
shipped in an expanded state. Slip it 
over a pair of pipe ends and let it warm; 
as it contracts, the coupling crimps 
the pipes, forming a permanent connec- 
tion. Raychem has recently developed 
“heat-to-shrink” couplings that engage 
at high temperature and so don’t re- 
quire cryogenic treatment. 
EThe TiNi-1 from ТІМ Alloys is a dem- 
onstration SMA engine. Hot water goes 
in one reservoir, ice water in the other. 
Mount the engine above the water 
baths, and off it goes, throwing water 
around until it stops. 
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If a shape-memory alloy (SMA) is de- 
formed while below its critical temper- 
ature, it will return to a predetermined 
shape when heated. This effect results 
from a crystal-structure change known 
as a reversible phase transformation. 
When cooled below its critical temper- 
ature, the austenite’s cubic structure 
undergoes a shear transformation into 
a twinned (parallelogram-like) marten- 
site lattice (herringbone structures at 
right). The twinned structure can be 
deformed without causing permanent 
damage. When the temperature is 
raised, the alloy reverts to its original 
shape. The valve below automatically 
shuts down a scalding-hot shower. 


SOURCE: RAYCHEM CORP 
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But progress came slowly, despite the 
fact that work continued and addi- 
tional shape-memory alloys—called 
SMAs—were developed. 

Jack Cory, president of Cory Labo- 
ratories and an early investigator of 
SMAs recalls that there were tricky 
processing requirements. Supposedly 
identical batches didn’t transform at 
the same temperature, for instance. 
"You'd test it out one time and get one 
result," he says. "Two minutes later 
you'd repeat the test and get another 
result.” Such inconsistencies were not 
critical in building laboratory ma- 
chines to demonstrate a principle, but 
they were fatal to the manufacture of 
a commercially viable engineering 
material. And since not much of the 
material was made and processing was 
tricky, it was expensive. But the most 
important problem was fundamental: 
Nobody really understood the alloys’ 
metallurgical properties or even how 
the shape-memory process worked. 


The secret’s out 


Over the years, researchers have 
gradually unraveled the secrets of the 
metals with the unusual behavior. The 
effect, they have found, involves the 
aforementioned temperature-driven 
phase transformation. In the diagram 
at left (which provides a simplified 
two-dimensional model for the very 
complex three-dimensional phenome- 
non), the drawing on the upper left 
labeled austenite is the one state of 
the material. The atoms of nickel and 
titanium are arranged in a cubic ` 
structure. When you cool the mate- 
rial (bottom drawing), says Darel 
Hodgson, chief scientist at Beta Phase, 
Inc., of Menlo Park, Calif., “the cubic 
austenite crystal lattice 'shears' into 
one of two twinned three-dimensional 
parallelogram [parallelepiped] struc- 
tures.” In this form, the material is 
known by metallurgists as martensite. 

Hodgson continues: “By stretching 
the bonds between the atoms just a 
bit, the material attains its lowest en- 
ergy state at the lower temperature.” 
He likens it to shearing a deck of cards 
by pushing it on its side. In the metal, 
however, the situation is somewhat 
more complicated. “You get equal 
amounts of two twinned forms—thin 
parallelogram-shaped plates sheared 
in one direction stacked with mirror- 
image plates oriented in the other 
direction—all of which ends up look- 
ing like a herringbone structure.” The 
photograph of crystalline structure at 
left shows this twinned herringbone 
pattern. 

In a low-temperature state, the crys- 
talline structure can flip to either of 
the two parallelogram states, since 
they are at equal energy levels. But © 


both have to go back to the cubic aus- 
tenite form when the temperature 
rises. This is where the trick comes 
in. While the material is in its low- 
temperature martensite state, you 
bend it into the shape you want it to 
assume. That stresses the herringbone 
crystalline pattern, “and the system 
will act to relieve the stress by flipping 
preferentially to one twinned structure 
and away from the other,” says Hodg- 
son. “Since there’s no driving force to 
make them flip back when you relieve 
the stress, you now have a low-tem- 
perature form in a deformed state. 

“As soon as you heat the material,” 
Hodgson says, “the low-temperature 
structures flip back to the cubic par- 
ent mode, and their original [high 
temperature] shape is recovered.” 

Over the years, metallurgists not 
only pieced this picture of the operat- 
ing principles of shape-memory alloys 
together but also worked out methods 
to attain the desired properties. They 
experimented with different alloys and 
different processing methods and de- 
veloped a wide variety of materials. 
Improved understanding now allows 
“nitinol’s transformation temperature 
to be tailored anywhere from a hun- 
dred degrees [С] to absolute zero,” 
Hodgson says. With brasses, the range 
is from 170 to minus 100 degrees C. 

Variations on the basic shape-mem- 
ory theme have been worked out. 
“Two-way shape memory, in which 
SMAs are trained to return to a par- 
ticular shape on both heating and cool- 
ing, is another significant development, 
since no deformation is needed,” says 
C. Marvin Wayman, professor of ma- 
terial science at the University of 
Illinois. “You repeatedly cool the ma- 
terial down and bend it to the desired 
shape, and eventually in-built micro- 
stresses will serve to cause spontane- 
ous bending during cooling.” 

Even understanding what’s going on 
in the crystalline lattice doesn't really 
prepare you for the amazing things 
SMAs can do. During my visit to Ray- 
chem's Menlo Park, Calif., headquar- 
ters, Duerig gave me a small dark 
block of shape-memory brass. It was 
smooth to the touch. He retrieved it, 
put it on a desk top, and sprayed icy 
fluorocarbon aerosol on it. Instantly, 
a bas-relief of tiny herringbones ap- 
peared like frost forming on a winter 
windowpane. “Once it gets going, the 
transformation happens at the speed 
of sound," he said. "With the right ap- 
paratus you can hear the pops." I ran 
my fingers over the cold raised chev- 
rons on the surface. The brass had 
transmogrified before my eyes. 

SMAs, of course, can be used for 
more than parlor tricks. As early as 
1969 Raychem introduced the first suc- 


cessful SMA product, Cryofit shrink- 
to-fit pipe couplers. The couplers are 
still used to join hydraulic tubes in 
F-14 fighter aircraft, as well as in 
many other similar industrial appli- 
cations where reliability is critical and 
brazing or other hot joining techniques 
are undesirable. When just cooled in 
liquid nitrogen, the coupling has a 
larger inner diameter, easy to slip over 
tubes to be joined. When it warms to 
room temperature, it shrinks to form a 
totally sealed joint. SMA actuators for 
military and space applications and ex- 
panding plugs for sealing off corroded 
steam generator tubes for nuclear 
power plants have performed well. 

Until recently, few consumer prod- 
ucts had emerged. Two exceptions: an 
electrically heated louver actuator for 
automotive fog lights, and forced-air 
register louvers that point upward 
when cold air is expelled and down- 
ward when hot air comes out. 


he wearer 
merely places the bent 
eyeglass frames under 
130-degree water, and 
they automatically 
resume their original 


shape » , 


That situation is changing now that 
companies like Memory Metals in 
Stamford, Conn., Beta Phase, and Ja- 
pan's Furukawa Electric Co. and Toki 
Corp. have entered the SMA fray. As 
a result, a new generation of products 
is being introduced. Intriguing ani- 
mated toys, high-performance elec- 
trical connectors for printed circuit 
boards, innovative medical devices, 
and thermal and electric actuators are 
some products to use SMAs. 

One savvy new SMA application is 
being developed by Wacoal Corp., a 
Japanese lingerie manufacturer. Wa- 
coal is sewing “Memory Wire” into 
under-wire brassieres, which tend to 
get bent up in the washing machine. 
The SMA bra wires return to their 
original shape with body heat or the 


heat of the clothes dryer. Bra wires 
are said to be the biggest application 
of SMAs in Japan now. | 

It's the simple applications that will 
form the foundation for the future 
SMA industry, says Beta Phase presi- 
dent, John F. Krumme. He cites one: 
"If you wear wire-rim glasses, you've 
probably learned that it's only a mat- 
ter of time until the frames get bent 
... and that no amount of straighten- 
ing will return them to their original 
perfect fit" Beta Phase, Krumme re- 
ports, provides SMAs to Universal Op- 
tical Corp. of North Attleboro, Mass., 
for Memorite wire-rim glasses, which 
never need resetting. When these 
high-strength, corrosion-resistant 
frames are bent, the wearer merely 
places them under 130-degree-F tap 
water, and they automatically resume 
their original shape (see photo). 

I tested another recent shape-mem- 
ory device in my bathroom—the Mem- 
ory Metals Shower-Gard anti-scald 
shower valve, which uses a spring 
made of SMA brass to automatically 
trigger a water-pressure actuated 
shower-head cutoff valve when scald- 
ing-hot water starts to spray out. First, 
I turned on the hot water full blast, 
and the water from the shower head 
began to get steamy hot. Suddenly, the 
stream began to diminish, and within 
a few seconds had dwindled to a tric- 
kle. I turned the hot water off and the 
cold water on. Within 15 seconds it 
had returned to full blast. Such de- 
vices could be effective in stopping 
scalding accidents in the shower. 

Despite such examples, you proba- 
bly won't see many of the SMA-pow- 
ered actuators and switches that are 
now being tested for use, says Dick 
Yaeger, formerly Raychem’s general 
manager for shape-memory actuators, 
since most have not yet come to mar- 
ket. Yaeger emphasizes that shape- 
memory actuators generally can't be 
retrofitted; they must be designed for 
the job from scratch. And a lot of peo- 
ple are just now beginning to do that 
in a wide variety of fields. 

Because they'd require nothing but 
a heat source to generate power, solid- 
state heat engines based on loops of 
nickel-titanium wire expanding and 
contracting around pulleys submerged 
in open hot and cold water baths were 
the Holy Grail of early enthusiasts. 
The Ridgway Banks engine men- 
tioned earlier was the beginning of 
this breed. Since then a long series of 
heat-engine designs has followed. A 
one-kilowatt unit reportedly has been 
developed in Japan. 

A member of the original nitinol 
team at the Naval Ordinance Lab, 
Frederick E. Wang, now president of 


[Continued on page 115] 
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Drawing of Saga I (top) shows obser- | 


vation post in bow. Spherical escape 
capsule and pilot station for remotely 
operated vehicle lie above central nav- 
igation controls. Below is a diesel en- 
gine (blue) and two 100-hp Stirling en- 
gines (red). Behind the engine room 
are the diver control room, transfer 
lock, and diver lock-out compartment. 
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Hydraniic thruster futs from stern. 

E First model, shown during construc- 
tion at the Comex shipyard, has a 
drag-reducing steel skin encasing the 
cylindrical pressure hull. Top speed 
underwater is a modest seven knots. 

Я The heat-insulated combustion cham- 
ber of each Stirling sub engine is en- 
closed in a domed pressure vessel. High 
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pressure allows release of exhaust. 
El Inside the engine, four cylinders are 
arranged in a compact V-formation. 

Connecting tubes join the top of each 
cylinder to the bottom of its neighbor, 
and a small volume of working fluid 
(helium) moves through the closed cir- 
cuit. The upper parts of the tubes are 
heated by the external combustion 


Stirling-powered s 


Stirling engines, invented 172 years ago, now enable non-nuclear commercial submarines to 
remain underwater for extended missions—including explorations for minerals and oil. 


By DAVID SCOTT 
ntil recently, only submarines 
U driven by nuclear reactors were 

E able to remain underwater for 
weeks at a time. But a submarine just 
launched in Marseilles, France, is 
proving that nuclear power isn't nec- 
essary for prolonged expeditions. Saga 
I, the largest commercial submarine 
ever made, can stay in deep seas for 
more than three weeks and cover up 
to 150 miles without surfacing. 

The 92-foot craft will inspect oil 
rigs, probe possible drill sites, and ex- 
plore the sea bottom for minerals. The 
sub can roam freely under ice packs, 
and it costs less than surface vessels 
now used to support divers released 
in deep, rough seas. 

Comex, the French company that 
built Saga I, delved into history for 
the sub's power source. Invented in 
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chamber, and the bottom sections are 
chilled by coolers. Between are regen- 
erators that store heat as gas passes 
from hot to cold spaces and release 
heat on the return trip. The cylinders 
work in pairs: Heated helium expands 
and drives a piston down, compress- 
ing gas into the water-jacketed cold 
space. Most of the helium is forced 


1816 by a British clergyman, the Stir- 
ling engine has been the centerpiece 
of a number of abandoned projects, in- 
cluding several experimental automo- 
biles [June '71, Feb. '73, June "74, 
June '78, Jan. 83|. The Stirling's al- 
lure: It operates by external combus- 
tion—ideal for a submarine. 

At a typical diving depth of 800 feet, 
the water pressure is 350 psi. Low- 
pressure exhaust gas produced by con- 
ventional internal combustion engines 
cant be released into this pressurized 
seawater. But the Stirling combustion 
chamber operates with high pressure 
—around 435 psi. Thus exhaust can 
be expelled in deep seas. 

The engine also has the advantage 
of being nearly vibrationless. It has 
pistons and a crankshaft; but because 
external combustion is continuous, 
there are no explosions. This adds a 
stealth benefit that could be impor- 


| DRAWINGS BY DAN OSYCZKA 


through the cooler, regenerator, and 
heater. The reheated gas is rammed at 
high pressure into the hot top space of 
the adjacent cylinder, where it expands 
to drive a second piston down. When 
the second piston rises, it returns the 
gas to its partner's cold space, and the 
cycle begins anew. In this engine there 
are four such independent cycles. 


tant for some submarine operations. 

Sub Power AB—a Swedish company 
jointly formed by United Stirling and 
Kockums, a major shipbuilder— de- 
signed Saga Is engines to burn die- 
sel fuel. But what about the air needed 
for combustion? Hans Melbing, a proj- 
ect engineer at United Stirling, said 
the sub carries liquid oxygen at a 
temperature of — 196 degrees C. The 
frigid liquid is the secret of Saga I's 
endurance. "It's far more concentrated 
than compressed air," Melbing told me. 

"To feed the engine we first vapor- 
ize the oxygen and store it in pres- 
sure cylinders," he explained. "But 
burning diesel oil in pure oxygen 
gives a flame temperature of 4,000 
degrees C, which would melt even the 
special metals of the Stirling combus- 
tion chamber. Our answer to that is 
exhaust-gas recirculation.” 

Melbing and his colleagues found 
that by adding four parts of exhaust 
gas to one part of oxygen they could 
create a mixture with the chemical 
composition of air. Diesel fuel burns 
in this mixture at 2,000 degrees C, 
which is normal for the Stirling. 


Improved hull 


Saga I is based on a pressure hull built 
20 years ago by Capt. Jacques Cousteau 
for his Argyronete submersible. That 
project was too ambitious for its time, 
but the hardware was preserved, and 
Comex has updated it. Kept at atmo- 
spheric pressure, the hull holds a six- 
man support crew. 

In a smaller habitat in the stern, 
with bunks for up to six divers, air 
pressure is equal to outside water 
pressure. "This eliminates both the 
risk of the bends, caused by sudden 
exposure to atmospheric pressure, and 
the lengthy wait in a decompression 
chamber," explains Didier Souzade, a 
senior marine engineer at Comex. "A 
simple air-to-water lock gives the di- 
vers fast access to the sea." 

Comex recently joined two Cana- 
dian firms to form International Sub- 
marine Transport Systems. They plan 
to build more Stirling-powered subs 
for commercial exploitation of the 
ocean's riches. Says Souzade, "They 
could do for the oceans what the space 
shuttle is doing for space." "EH 
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BEFORE (above): Author- 
builder contemplates unpar- 
titioned space and plans 
future construction (dotted 
lines). Bed/wardrobe divider 
that supports right side of 
platform was detailed in an 
earlier issue; it filled space 
from floor to beam. As final 
phase of project, living-room 
floor was raised nearly 30 
in. to store tall items on two 
trundle carts (far right) —but 
to fit vour room, platform 
can be lower, carts nar- 
rower. Carts roll under and 
are hidden behind snap-on 
closure panels of ?4-in. wa- 
ferboard. Access to plat- 
form is by two removable 
step units—one at front 
(photo right), other out of 
sight at far end of partition 
(turn page for photo). 


Shrewd storage with 


Most homes lack a box room—a place for bulk storage, such 
as big cartons and luggage. If you have a long space with a 
high ceiling, you can raise the floor and store beneath it. 


By AL LEES 
Photos by David Stubbs 


roblem: А large unpartitioned 

space offered no storage—and no 

privacy for sleeping areas (photo 
above). Earlier articles in this project 
series—this is the last—detailed the 
erection of a bed/wardrobe divider 
[Oct. '84] and a cabinet-counter book- 
shelf wall [Sept. '85]. With the plans 
in this issue I complete the project by 
supplying practical concealed storage 
for bulky items while adding rather 
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theatrical distinction to open space. 

Before you build a storage platform 
into any room in your home, you'll 
probably apply for a building permit. 
Even if that's not required for an in- 
door improvement in your community, 
check local codes for any restrictions 
concerning ceiling height over a liv- 
ing area. The Uniform Building Code 
calls for a minimum of 7, feet, 
except for kitchens, bathrooms, and 
halls, where the ceiling may be as low 
as seven feet. If your living room has 
a soaring cathedral ceiling, you can 


tuck a storage platform under the high 
end, leaving floor space for pulling out 
the trundles at the lower end. 

Since I built my under-30-inch-high 
platform into a city apartment with 
10'5-foot ceilings, height codes didnt 
apply. However, building codes did call 
for noncombustible construction ma- 
terials, so all the lumber and panels 
used were treated with the fire-re- 
tarding Dricon system from Koppers 
[^Wood That Won't Burn," March '85]. 

The Dricon treatment doesn't dis- 
color the wood, so I was able to leave 
my band joists and support posts ex- 
posed without any finish. The lumber 
and plywood is as easy to work as un- 
treated materials, though heavier to 
lift. I did all my cutting with a Black 
& Decker Piranha blade with 18 car- 


a frunale platfor 


bide teeth, mounted in my portable 
circular saw. 

I set my platform as high as exist- 
ing window sills and trim permitted 
and drew a level line on the three sup- 
porting walls, an inch below the fin- 
ished height. In older buildings you'll 
doubtless find a non-level floor; keep 
your ledger lines level around the 
room. Fasten good, straight 2x6s 
along the side walls with their top 
edges flush with your lines. 

The type of fastener you use de- 
pends, of course, on the wall structure. 
My back wall was brick, so I drove 
lag screws through the 2x4 and into 
lead shields. For the hollow wall I used 
both Molly and toggle bolts. 

All joists are nailed into Teco metal 
hangers; there’s enough “give” to these 


hangers to take a joist at a slight 
angle. (As the drawing shows, one cor- 
ner of my room was not square.) 
Knowing I was working with pres- 
sure-treated wood, Teco supplied gal- 
vanized nails with the hangers— 
though Dricon isnt supposed to affect 
metal the way earlier fire-treatment 
chemicals did. Anyway, be sure to use 
Teco's special nails when purchasing 
your hangers: They're heavier gauge 
and shorter than standard nails and 
have blunt points to reduce splitting. 
Installing a platform gave me a 
special bonus. As the "before" photo 
shows, the room had two exposed 
radiators connected with unsightly 
pipes. One radiator was short enough 
to frame the platform above it, leav- 
ing an opening Га later bridge with 


industrial grating—steel bars painted 
black, ordered in two pieces to make 
it easier to lift for access to radiator 
controls. 

The other unit stood higher than the 
platform, so I simply framed around 
it. To direct the heat upward (so as 
not to bake items stored under the 
platform), I enclosed the radiators 
with hoppers formed of '4-inch-ply 
panels, attached to the platform joists 
and floor cleats with screws for emer- 
gency removal. I then stapled on a lin- 
ing of foil-faced Reflectix bubble-pack 
insulation. I found that one 2-by-25- 
foot roll lined both radiator cavities, 
with material to spare. 

I finished off my platform with a 
commercial carpet and pad and nailed 

Continued 
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Closure panels have finger knobs for 
easy removal (1); they're held in place 
by friction catches. Since carts are not 
as deep as platform, access to storage 
along back wall is by means of remov- 
able stair treads (2) at one corner and 
trap door (3) at other. Note grate in 
foreground. ЇЇ radiator stands taller 
than platform (4), frame around it; add 
hopper and line with insulation. 
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a painted molding along the exposed 
front edge. 

Construction of the trundle carts 
couldn't be simpler. Assembly must be 
sturdy, though, since the carts must 
carry a good deal of weight. I fastened 
all joints in the 2x4 frame with \4- 
inch lag screws four inches long. Be 
sure to place any bowed 2x4 with its 
bow up. This avoids sagging against 
the floor later, when weight is applied. 

Once the frame is assembled, flip it 
over and apply the *4-inch-ply panels 
to the bottom edge using construction 
adhesive (it should be a type—such 
as Liquid Nails—recommended for 
treated wood). Now countersink flat- 
head No. 10 screws, three inches long, 
every 18 inches around the perimeter 
and along both sides of the "seam." 

I could have mounted the platforms 
on fixed, flat-plate casters, but this 
would have risked wear tracks on my 
hardwood floor. So I decided to go with 
side-mounted rubber-tire wheels. The 
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best I found were made by Power 
Lawnmower Parts Inc. They’re marked 
6"x1.5" and are sold under the Kwik- 
Fix label in hardware stores and 
home centers. Half-inch-diameter 
machine bolts make ideal axles for 
these wheels. To pass through the 
1°-inch-thick hub and the 2х4 frame, 
these bolts should be four inches long. 
I bought hex-head machine bolts, 
threaded at the nut end only; a smooth 
shank wont cut up the hub bushing. 
At the center position, five-inch-long 
/o-inch lag screws serve a dual pur- 
pose as frame fasteners and axles. 

I first tried three wheels per side 
—for a total of six per cart. But when 
I loaded the carts with heavy car- 
tons they wouldn't budge. Additional 
wheels distributed the axle weight 
more evenly, solving the problem. 

For the closure panels, I ripped a 
four-by-eight-foot sheet of ?4-inch wa- 
ferboard to sizes that fit within the 
platform’s support frame. I chose a 
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quality sheet of Louisiana-Pacific’s 
Waferwood and found the panels so di- 
mensionally stable and free of warp 
that no back frame was necessary. I 
just sanded the cut edges and applied 
a matte varnish to faces and all edges. 

A wooden knob near each top cor- 
ner provides a grip for easy handling. 
The panels just set against stop-cleats 
nailed on the side posts—cleats that 
are gapped for mounting a spring- 
loaded roller catch. 

A word about the steps: Since my 
platform is about 29 inches high (it 
varies because it’s built level over a 
sloping floor), my two-step stairs have 
treads spaced more than 9'% inches 
apart. That's a deeper step than most 
people are used to (women guests in 
tight skirts have objected). But my 
platform height didn't warrant add- 
ing a third tread — which would have 
made the front unit cumbersome to 
move. This unit must be lifted to one 
side for access to the storage. Гуе also 
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REM OVABLE STEP 


2*4 LEDGER- FASTEN WITH 
LAG SCREWS INTO LEAD SHIELDS FLOOR PANEL (еРЕОР.) 


found it handy around the apartment 
as a step stool. The treads project at 
each side to serve as finger grips. 

To avoid marring the top surface of 
the hardwood treads, I assembled the 
unit with three metal angles on the 
underside of each tread, fastened to 
the sides and riser. I glued and nailed 
the risers to the sides and drove sev- 
eral screws up through the back edge 
of the bottom tread into the top riser. 
I notched a rear cross-brace into the 
sides, fastening it with glue and fin- 
ishing nails. All this makes a sturdy, 
lightweight step. To match the closure 
panels it sets against, I chose wafer- 
board for my risers; I bought commer- 
cial treads at my lumberyard. 

To support the loose treads beyond 
the partition, I lag-screwed Teco stair 
angles to each wall and trimmed the 
treads to a snug fit that prevents them 
from shifting when stepped on. 
Yet they’re easy to lift free for access 
to items stored behind them, as I'm 
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Wood products required 

PLYWOOD* 

For deck: 6 4-by-8-ft. panels of tongue-and-groove 34-in. 
For trundle carts: 4 4-by-8-ft. panels of standard square- 


edged 34-in. A-C 
Fo radiator hoppers (if req'd. J: Va-in. C-C 


"Dricon-treated wood and ywood available by special order 
Co., Inc., 1900 idg., Pittsburgh РА 15219. 


zA'T&G PLYWOOD 


demonstrating in Photo 2, far left. 

Just visible above my head in that 
photo is the bottom of a partly raised 
pleated shade. When this stair access 
is closed, the shade drops onto the 
tread I’m lifting and “seals” the parti- 
tion between the rooms. It’s Hunter 
Douglas’s remarkable Duette double- 
fabric shade with honeycomb air 
spaces. It’s used here as a privacy 
screen and an air barrier, and is par- 
ticularly effective when only the space 
on one side of this partition is to be 
air conditioned. 


SOURCES FOR MATERIALS 


Foil insulation: Reflectix Inc., Box 108, Markleville IN 
46056; industrial grating: J. C. MacElroy Co., 91 Ethel Rd. 
W., Piscataway NJ 08854; joist hangers (22 No. A-28) and 
step supports (4): Teco, 5530 Wisconsin Ave., Chevy Chase 
MD 20815; pleated shade (Duette): Hunter Douglas Inc., 
601 Alter St., Broomfield CO 80020; waferboard: Louisiana- 
Pacific Corp., 111 S.W. Fifth Ave., Portland OR 97204; wall 
paint (Regal AquaPearl China White): Benjamin Moore & 
Co., 51 Chestnut Ridge Rd., Montvale NJ 07045; wheels 
(20 No. SBW-6C): Power Lawnmower Parts Inc., 1920 Lyell 
Ave., Rochester NY 14606 


TWO REMOVABLE TREADS 
MOUNTEP ON WALL CLEATS. 
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DRAWINGS BY EUGENE THOMPSON 


LUMBER* 
For framing: 10 8-ft. 2 x 65 (cross joints) 


For front band joist: 2 8-ft. premium 2 x 6s 
For cart frames and rear ledger: 12 B-ft. 2 x 4s 


WAFERBOARD | 
For closure panels: 4-by-B-ft. panel cut lengthwise 


from lumberyards; or write Koppers 
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Portable radials 


By PHIL McCAFFERTY 


radial-arm saw is a fine tool—if 

you have a roomy shop and 
б you're content to do all your saw- 
ing there. But if you need a saw you 
can store in a corner or take to a job 
site, the conventional radial saw is not 
the tool. 

Now there are two unconventional 
radial saws: portable models from 
Black & Decker and Ryobi. Neither 
the B&D folding saw (at 65 pounds) 
nor the Ryobi RPM bench-topper (at 
53 pounds) is a featherweight, but 
both are easily carried to the job. And 
they dont hog a lot of shop space when 
they're unemployed. Better still, I 
found both of these saws compare fa- 
vorably with stationary radial saws. 


Full-size comparisons 


How can you compare a 50- or 60- 
pound portable with saws that weigh 
two or three times that? Start with 
the motors: Most full-size radials have 
1%%- to 2¥-hp motors; the Ryobi and 
B&D portables have 2-hp motors. 

In cutting capacity, these portable 
saws also compare well with the big 
ones. They will cut the cabinet woods | 
and construction lumber most of us 
use—‘i-inch boards and plywood, 

| 
| 
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2x4s, 2*8s. They will not rip a full 
sheet of plywood in half, however, or 
cut through three-inch lumber. 

List prices of the portables are high, 
but they often are sold for much less. 
One catalog currently offers the B&D 
for $329 and the Ryobi for $249. 

For my shop test, it took me an hour 
to put the B&D saw together and align 
it, and less than a half-hour to do the 
same with the Ryobi. More parts of 
the Ryobi are preassembled, and there 
is less adjusting to do. 

Both saws are sturdy, considering 
that lightweight materials are delib- 
erately employed. And both have im- 
pressive ball-bearing rollers that guide 
the motor yoke on the arm. 

Although the Ryobi saw has only an 
8u4-inch blade, its cutting depth ca- 
pacities are virtually the same as 
those of the B&D, which has a 10-inch 
blade. Both could cut hardwoods sat- 
isfactorily at their full rated depths. 

[ also tried the saws with a carbide 
dado head set up to make a ‘%-inch- 
wide cut. Both handled such cuts in 
hardwood. Then I tried the machines 
with molding heads on the arbors. 


These two radial-arm saws are light enough to tote to the 
job—and good enough to get it done. The Black & Decker 
saw folds for portage and storing. Ryobi’s bench-top model 
has a bonus feature: an 18,500-rpm router spindle. 


(Personally, I am afraid to use mold- 
ing heads on a radial saw regardless 
of how rugged the machine is. But 
since both saw makers tout this capa- 
bility, I tried it.) Taking moderate cuts, 
the saws performed satisfactorily. 

The Ryobi, which has a high-speed 
universal motor and gear drive, is 
noisier than the B&D saw, but that 
arrangement gives it an attractive ca- 
pability: You can rout with it. 

The 18,500-rpm motor is geared 
down on the saw-blade end, but the 
other end runs at full speed, and has 
а !4-inch collet to take router bits. То 
rout, you just take off the saw blade 
and up-end the motor. 

While 18,500 rpm is a bit slow for 
routing—most portable routers turn 
at 23,000 to 25,000 rpm—it works just 
fine. And it has some interesting ca- 
pabilities. It functions in much the 
same way as a router mounted under 
a router table, but here the rout- 
er is above the work, so you can see 
the cut. It is stable enough to make 
finished cuts in hardwood from 
Vs to V» inch deep, depending on the 
cutter. Successive cuts are a snap be- 
cause you can quickly adjust the depth 
or move the yoke on the arm. With 
too heavy a cut, however, you can get 
enough deflection to make the cutter 
wander. 


Moving experience 


The folding mechanism on the B&D 
saw is easy to use: You remove the 
fence and the two rear table strips, 
unlock the column, and swing it down 
to the right. The table is mounted 
about four inches to the left of center 
to clear the arm and motor when the 
saw is folded. It takes just a few sec- 
onds to unlock and fold the saw, and 
the same to re-erect it. 

The Ryobi saw can be moved assem- 
bled by locking the yoke on the arm. 
To make it more compact you can re- 
move the column from the base (you 
should also remove the blade for safe- 
ty). That takes about a minute and 
lets you store the saw in a 27-by-27'4- 
by-14-inch space. 

While these saws are truly porta- 
ble, they must be fastened down when- 
ever they are used. And don't attempt 
to fold the B&D saw or disassemble 
the Ryobi without first disconnecting 
the power. 05] 


Black & Decker Согр., Вох 798, Hunt Valley МО 21030 
мино Corp., 1158 Tower Lane, Bensenville IL 


A capacitor-start induction mo- 
tor, a wider table, and a greater 
(by about 3 in.) crosscut capac- 
ity are pluses for the B&D saw 
(right). The sleeve that holds 
the column pivots 90° 
for folding. 
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Flip the Ryobi s saw’s motor Терме, апа 
you have ап 18,500-rpm router spindle. 
Easy adjustability and a good view of 
the work make this a fine routing ma- 
chine. Elevation takes place at the 
top of the column on the 
Ryobi. Thus you 

can remove the 

column to store 

the saw. 


How the totable radials compare 


BLACK & DECKER FOLD- | 
DOWN MODEL 1712 


FEATURE 
Suggested list price ($) _ 
Motor specs -~ 2-hp capacitor-start — 
(both double-insulated) induction, 3,450 rpm 
Motor brake MESE Кый. И 
Blade specs (in) 
Table size (in.) | 
Carrying weight d) — — | — 8 — o e 
Smallest assembled | [. 20/5 H.x 2172 WX 27 D. 
cubic size (in.) i 


| (8.75 cu. ft) 
Maximum crosscut - "T 
on 34" material (in.) 
Maximum ripcut (in.) 
Maximum depth cut 45° (in) 
Maximum depth cut 90° (in.) 
Miter index stops (deg.) 
Bevel index stops (deg.) 
Elevation range (in.) 

Column diameter (in.) 

Arm materials 


i J 


Die-cast aluminum frame with 
steel track, ball-bearing 
roller head 


*n.a.: not applicable; folded: ^with guards in place 
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LEAD-FREE 
WATER 


Lead solder is banned by the EPA from all new plumbing installations. How good are the 
substitutes? And what can you do about lead that’s already in your plumbing system? 


By RICHARD DAY 


et the lead out!” cries the En- 
Gr vironmental Protection Agen- 

cy. Since most copper water 
piping in U.S. homes is soldered with 
a 50-percent-lead alloy, most of us 
drink water containing traces of lead. 
The EPA estimates that 40 million of 
us are exposed to higher levels of lead 
in our water than the 20 parts per bil- 
lion the EPA considers a safe maxi- 
mum contaminant level. To minimize 
this exposure, other means of making 
water-line joints must now be used: 
Old-time solders have been outlawed 
for this purpose. 

If you were determined to banish all 
lead risk from your drinking water, 
you'd have to break existing lead- 
soldered joints and replace them, 
using one of the systems below. How- 
ever, unless you've had your water 
tested and know the lead content is 
high, your main reason to learn about 
the alternative systems is for any ex- 
tensions of supply lines you make. 

Do all new sweat soldering with 
lead-free solder. The old tin-lead sol- 
ders (40/60, 50/50, or 60/40—the tin 
number always comes first) are still 


fine for jobs where lead's toxicity isn't 
a problem. But for water lines, you 
can choose a lead-free solder; 95/5 con- 
tains 95 percent tin and 5 percent an- 
timony, and it's made by Oatey, Co., 
Alpha Metals, Inc., Kester Solder Co., 
and others. It's harder to use than 
50/50 because it has a higher melting 
point—464 degrees F rather than 421. 
This increases the chance of burn- 
ing the flux out of the joint. Flux is 
needed to prevent oxidation of the cop- 
per or brass surfaces and to lower the 
surface tension of the molten solder 
so it will flow. 


Tighter flow range 


Also, tin-antimony solder has a 
shorter plastic range than tin-lead. 
This is the temperature range over 
which the solder starts to melt but 
does not yet become liquid—the range 
when solder is most workable. Where 
tin-lead offers a 60-degree range, tin- 
antimony offers only 14 degrees. 

"When overheated, the solder be- 
comes runny and wont flow into a 
joint as easily" says John McMillan 
of Oatey. So Oatey markets a lead-free 
flux designed to ease the problem; ask 
for Oatey #95 Tinning Flux. “Even if 


Use lead-free solder—or solderless systems 


New solder is trickier to use than tin- 
lead type it replaces. You need the right 
flux on fully cleaned joints—plus care 
not to overheat the joint. 

HCutaway of sweat-soldered tee shows 
how excess solder can flow past joint, 
along inside of tubing (at pen point), 
increasing exposure of lead to water. 
Photos 3—5: alternatives to soldering. 
ECPVC tees let you add supply 
branches to a copper plumbing system; 
Genova's Uncopper fittings use rubber 
O-rings for water sealing, while metal 
grab-ring holds fittings on tubing. 
Compression fittings don’t use solder. 
Elf you want to use standard elbows 
and tees with copper tubing, you can join 
them with two-part epoxy adhesive. 
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the flux should be burned out,” says 
McMillan, “solder will flow into the 
joint because the flux contains pow- 
dered lead-free solder that tins the 
copper surfaces.” | 
Tin-antimony solder costs about 
twice as much as 50/50. An eight- 
ounce container of the special flux 
sells for about $6—perhaps a lifetime 
supply for a do-it-yourselfer. 
Another lead-free solder uses silver- 
bearing alloys to replace the lead. Not 
truly silver solder (which has more 
silver and a high melting point), 
silver-bearing solder is about 90 to 95 
percent tin with the balance a combi- 
nation of silver, antimony, zinc, or cop- 
per. The good news is that it offers a 
plastic range of 35 to 50 degrees. This 
makes silver-bearing solder work more 
like familiar tin-lead solder. The chief 
difference is that it takes longer be- 
cause the joint must be hotter than 
when using a tin-lead solder. 
Oatey's Safe-Flo silver-bearing sol- 
der has 96 percent tin and four per- 
cent silver and melts at 430 degrees 
F; Alpha Metals' Lead-Free Silver Sol- 
der has 98 percent tin, two percent 
silver, and melts at 450 degrees F. 
[Continued on page 116] 


An American classic magnificently crafted as 
a precision engineered die-cast metal replica. 


Duesenberg) $$] 


Shown actual size 


- 198 


Beautiful inside and out. 

Your model includes a meticulously 
detailed miniature of the Duesenberg SSJ 
overhead cam, 32-valve engine. The finish 
of the car is painted and waxed by hand. 


can hold in 
your hands. 


The Duesenberg SSJ...the most legendary 
of all classic cars...the fastest, best-han- 


dling and most opulent of all Duesenbergs. 


Only two were ever built, and both are 
virtually priceless. 

And now, a meticulously detailed 
replica of this fabled classic car—the 
Duesenberg SSJ—can be yours. 


Remarkable attention 
to detail. 


The Danbury Mint devoted over twelve 
months of painstaking research and devel- 
opment to recreate the Duesenberg SSJ in 
large 1:24 scale. The resulting model is so 
detailed, it is virtually impossible, when 
looking at a photograph, to tell whether it 
s of the model or the actual car. (Photos 
nere are of the model.) 

All the important components— 
he body, chassis, drivetrain and engine 
»lock—are crafted of metal. The seats are 
love leather and the tires are genuine 
"ubber. 
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Special touches. 

The seats and door panels are real leather. 
The pedals, controls and instrumentation 
are detailed. The doors and both sides of 
the hood open, and the steering wheel 
turns the front wheels. 


Each conpoeest of es ШП 


Note the gleam of the model's finish. It is 
achieved by polishing each piece of metal, 

then hand-spraying the paint finish. Finally, 
and perhaps most remarkably, each car is 

actually hand-waxed. 


Surprisingly modest price. 


The Duesenberg $$] is the stuff of dreams 
— but the original issue price of this 
Duesenberg SSJ replica is only $88.50, 
payable in three monthly installments of 
just $29.50 each. This is an exclusive com- 
mission available only by direct subscrip- 
tion from the Danbury Mint; it is not 
available in any store. 


Satisfaction guaranteed. 


To reserve a Duesenberg 55] in your name, 
you need send no money now. You will be 
billed in three convenient monthly install- 
ments, your first in advance of shipment. If 
you prefer, you may charge each monthly 
installment to your VISA or MasterCard 
account. 

If you are not completely satisfied, for 
whatever reason, you may return your 
Duesenberg SSJ within 30 days of receipt 
for a prompt refund or replacement. 


vidually inspected, then hand- acuit 


Detailed undercarriage. 
The SSJ's springs, axles, drivetrain, and 
frame are all faithful to the original SSJ. 


dip lE e 
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Production of this шр, һапд- 
assembled, hand-finished model cannot 
be rushed. To avoid disappointment, we 
urge you to mail the attached reservation 
application today. 


[  RESERVATIONAPPLICATION = 


Duesenberg) 88] 


The Danbury Mint Please 
47 Richards Avenue return 
Norwalk, Conn. 06857 promptly. 


Please accept my reservation application to the 
Duesenberg SSJ. I need send no money now. I 
will pay for my Duesenberg $$] replica as billed 
in three monthly installments of $29.50 each*, 
the first in advance of shipment. 

My satisfaction is guaranteed. If I am not com- 
pletely satisfied vith my SSJ, I may return it within 
30 days of receipt for prompt replacement or 
refund, whichever I wish. 

“Plus $1.25 per installment for Shipping & Handling. 

Name PLEASE PRINT CLEARIY 


Address А = 


City/State Лр 
Check here if you want each monthly installment 
charged to your: Г] MasterCard [ ] VISA 


Credit Card No. Expiration Date 
DNE. Ll س‎ 
Allow 8 to 12 weeks after payment for shipment. F113 


PUWERCISE 
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PRODUCTS/TECHNOLOGY 


BY DAWN STOVER 


j 
ж 
4 
1 = 
" 


р | 
Lt 
k 
1 


4 


Computer coaches 


These exercise stations re- 
member and talk with users. 
Each machine has its own 
personality, on-screen face, 
and 1,000-word vocabulary 
for remarks like: “Shake it 
out, Sue." One prototype 
speaks Chinese. Powercise 
Intl. Corp., 111 N. Post Oak 
Lane, Houston, Texas 77024. 


<> 

Weather watcher 
Amateur forecasters can 
monitor wind speed, wind 
direction, and temperature 
with this tiny Digitar weath- 
er station. It also records the 
highest and lowest temper- 
atures measured. The price: 
about $140. Magnaphase In- 
dustries, Inc., 1502 Pike St. 
N.W., Auburn, Wash. 98001. 


QBird's-eye view 


Aerial photos of sporting 
events, real estate, or build- 
ing sites without a plane? 
Skyview's motorized plat- 
form is mounted on a 75-ft. 
pneumatic aluminum col- 
umn. А joy stick in the van 
focuses cameras. Crown An- 
dersen Inc., 306 Dividend 
Dr., Peachtree City, Ga. 30269. 


<> 

British roadster 
TVR’s S Convertible has a 
multi-tubular steel chassis 
and independent suspen- 
sion. Powered by a fuel-in- 
jection V6, it hits 60 mph in 
seven seconds. Two remov- 
able panels form the center 
roof section. At $22,500, the 
car is TVR Engineering Ltd.'s 
most affordable model yet. 


Giant gearbox 


Said to be the most power- 
ful in North America, this 
gearbox operates a conveyor 
to haul up coal from a Nova 
Scotia mine. The gearbox’s 
final drive wheel measures 
over 18 ft. in diameter. David 
Brown Gear Industries Ltd., 
Park Gear Works, Hudders- 
field HD4 5DD, England. 
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Tooth implant 

An alternative to dentures 
and bridges, the Nobelphar- 
ma Implant System anchors 
in the jaw, where bone cells 
adhere to it. Screws inside 
each titanium fixture hold 
the prosthesis in place and 
prevent bone resorption. 
Nobelpharma USA, Box 
9051, Waltham, Mass. 02254. 


Shooting star 


Machining a star into a spark 
plug’s center electrode may 
make it easier to start small 
engines, especially pull-start 
lawn mowers. The maker 
claims the plug’s design pro- 
duces a stronger spark. Nip- 
pondenso of Los Angeles, 
Inc., 3900 Via Oro Ave., Long 
Beach, Calif. 90810. 
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(Luxury import 


Mazda’s new prestige car, 
the rear-drive 929, uses a 
fuel-injection 18-valve V6 
engine. The sedan features 
Mazda’s E-link independent 
rear suspension. Viewed 
from above, the wheel and 
three transverse links—one 
upper, two lower—form an 
“E.” Base price: $18,950. 


(Spy camera 


Take photographs unobtru- 
sively with this camera, built 
into a working wristwatch. 
Using a special cutter and 
35mm film, you make cas- 
settes that slide into a car- 
rier disc. The camera costs 
$950. Personal Protection 
Products Corp., 405 Park 
Ave., New York, N.Y. 10022. 
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What’s New 
in Home 
Improvement 


BY STEVEN ASHLEY 


<> 

Plastic load center 
General Electric says its 
PowerMark TPL load center 
is an easy-to-install compact 
subpanel for branch cir- 
cuits. Its thermoplastic-resin 
construction makes it light, 
non-corrosive, and durable. 
Prices range from$42 to $52, 
depending on circuit capac- 
ity and ampere rating. 


Cartesian tiles 


Gridmark Premier Solarian 
no-wax vinyl floor tiles from 
Armstrong World Industries, 
Inc. (Box 3001, Lancaster, 
Pa. 17604), are backed with 
adhesive for peel-and-stick 
installation. The foot-square 
tiles, which come in off- 
white, gray, or blue-gray, cost 
from 79e to $1.09 each. 
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<> 
Self-rimming sink 
This $279 double-bow!] stain- 
less-steel sink from Just Mfg. 
Co. (9233 King St., Franklin 
Park, Ill. 60131) features a 
patented Grip-Rim self-rim- 
ming design with spring- 
loaded clips for simple top 
installation. It has a blended 
satin finish and sound-dead- 
ening undercoating. 


Fingertip caulk 


Press-In-Place Caulk from 
3M Home Products Div. (Bldg. 
223-45, 3M Center, St. Paul, 
Minn. 55144) now comes in 
two new sizes: a 7/16-in.-wide 
flat type for cracks in roofs 
and gutters and а '5-in.-wide 
wedge-shape type for seal- 
ing gaps in door and win- 
dow frames. Rolls cost $4. 


(Wood-patch tube 


ZAR Wood Patch, a latex 
patching compound contain- 
ing pulverized wood, now 
comes in а 3-02. plastic tube 
($1.55) that allows direct ap- 
plication to holes and cracks, 
thus reducing waste. Wood 
Patch accepts stain well, 
claims the maker: UGL, Box 
70, Scranton, Pa. 18501. 


A 
Door knob lever 


Elderly and disabled people 
can open doors with just a 
simple push with the Lever- 
on doorknob lever adapter 
from Lindustries, Inc. (21 
Shady Hill Rd., Weston, Mass. 
02193). The $10 plastic handle 
attaches to doorknobs with 
rubber gaskets and a special 
split-ring holder. 


Why Are We Offering These 
Famous Nationally Advertised 
SWIFT 660/F" Telescoping :: 
Spin Kods for onl => | 

d "55? | 


As part of its Anniversary Publicity Campaign, a leading New York firm will distribute one million 
(1,000,000) of its most expensive spin rods—the Famous Nationally Advertised™ SWIFT-660/F™ 
Telescoping WhisperCast™ WhamRod™—for the astonishing ف‎ Price” of only $5 each to 


the first one million persons who write to the company 
address (below) before midnight, March 27, 1988. 


This original Anniversary Ad 
must accompany your request. Copies 
or photostats are not acceptable. 


These are the same famous SWIFT-660/F Telescoping 
WhisperCast WhamRods nationally advertised in 
leading media. A full standard 66 inches from base to 
tip, they spring to complete length in an eye-blinking 
6/10ths of a second!...then telescope down to a mere 16 
inches for easy storage in kit bag, glove compartment 
or attache case. 


Crafted of aluminum, stainless steel and space-age 
fiberglass for extra strength and flexibility, they provide 
full response along the entire length of the rod, without 
“flat spots”. And allow precise placement of small flies 
with a minimum of surface displacement. 


Weighing a featherlight 3.75 ounces, they are the 
perfect ultralight rods for today’s “compleat angler”. 
Designed for casting powerfully over long distances, 
they’re at home on virtually every lake, stream or 
waterway in America, and ideal for land-casting, general 
wading, and boat-fishing. Small wonder they are the 
fastest selling (and most expensive) spin rods ever offered 
by this giant multi-million-dollar New York firm. 


Each rod is covered by the company’s full one-year 
money-back guarantee. There is a limit of two (2) rods 
per address at this price. But if your order is mailed early 
enough (before March 19) you may request up to five. 
These Famous Nationally Advertised SWIFT-660/F 
Telescoping WhisperCast WhamRods will not be sold at 
this price by the company in any store. 


To order, mail this original printed ad (no copies or 
photostats) together with your name and address and $5 
for each rod. Add only $2 shipping no matter how many 
rods you are requesting. (New York residents add sales 
tax.) Allow up to 6-8 weeks for shipment. Make check 
payable to: RBM Lid. Mail to: RBM, FISHING ROD OFFER, 
Dept. 191-111, Box 1736, Hicksville, N.Y. 11855. 

(R29380) 
(R29980) 


€ 1988 RBM Ltd.. 1200 Shames Drive, Westbury. NY 11590 


EXTRA BONUS 
Sue respond 


/ If you are 
able to reply 
before Mar. 19, 
we'll offer the 
famous top-of- 
the-line SWIFT- 
660/F ZoomCast 
Spinning Reel with 
every rod you order 
Jor the astonishing 
price of just $4 a reel. (And 
we'll even wind 250 feet of our best 6-Ib- 
test monofilament line onto each reel!) 

These nationally advertised reels perfectly 
match your rod in weight and balance, and 
give you fast "thumbs-off" (one-handed) 
casting over longer distances than you ever 
dreamed possible. You can cast even the 
lightest baits without backlash. 

Compatible with virtually every plug or 
lure, the new high-speed gear ratio gives 
you fast “рор”-аспоп, yet is powerful 
enough to reel in fish without “pumping”. 
The new open-face design (and desirable 
skirted spool) eliminates friction and 
prevents tangles. The anti-reverse is 
"whisper" silent, and the  Microdisc 
Surge-Free Drag System won't let your 
fish run away. 

The most expensive reel sold by this 
huge firm, it is yours for only $4 if you act 
before March 19. (R25160) 
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What’s New 


BY V. ELAINE GILMORE 


<> 

British stripper 

You can remove wallpaper 
without soaking, steaming, 
or gouging the wall with this 
cutter. Its spring-steel blade 
is radially slotted into 16 
fingers and is ground to a 
profile that does a neat job 
even on vinyl, it’s claimed. 
Pednnel, Holloway Rd., Lon- 
don N7 8DB, England. 
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Riveting news 


The POP Plus, an expand- 
able rivet, can be used in 
solid masonry and in thin, 
pliable materials. The ?4e-in.- 
dia. rivet teams with the 
K110 or K111 POP rivet tool. 
For use in masonry, you drill 
a Yıe-in. hole. Emhart Corp., 
Box 13716, Reading, Pa. 
19612; $2 buys 10 rivets. 


Ten-way clamp 


The David MultiClamp han- 
dles miters, pipes, T-joints, 
butt joints, and more. Its die- 
cast aluminum base (2:2 by 
2 by 1% in.) has one station- 
ary clamp and two that can 
be inserted into the base in 
eight locations. Themans, 
Inc., 5721 Bayside Rd., Vir- 
ginia Beach, Va. 23455; $12. 


QNo-show nailing 


Looking for a slick way to 
hide nailheads in wood with- 
out filler? The blind nailer 
lifts a chip of wood (circle), 
and you drive a finishing 
nail in the groove (inset). 
Then reattach the chip with 
glue, taping it temporarily. 
Woodcraft, Box 4000, Wo- 
burn, Mass. 01888; $13. 


Electronic lathe 


Delta’s DL-40 lathe has a DC 
motor controlled by a micro- 
processor, which maintains 
speed and torque under 
changing load. A slow-start 
mode limits speed to 300 
rpm. Specs: 16-in. swing, 
300—2,200-rpm speed range. 
Delta Intl., 246 Alpha Dr., 
Pittsburgh, Pa. 15238; $2,400. 


HARD-T0-FIND, UNIQUE PRODUCTS for HOBBYISTS, GADGETEERS and STUDENTS 


from America’s Largest Mail-Order Market Place of Unusual Values in Telescopes, Binoculars, Magnifiers, Microscopes, 


Science Kits, Lab Equipment, Toys, Military Surplus, Fiber Optics, Lasers, Solar, Photo and Weather Instruments. 


/-,Stars That Glow In The Dark Tum Your - 


ad , Bedroem Ceiling Into The Night Sky. 


Assortment of 250 lumi- | 

nous stars that glow in the 

a ы dark on ceiling or wall. Light 

child 5 room with the beauty of glowing stars and have fun 
astronomy. Easy to apply decals glow after exposure to 
. Comes with star chart and instructions to recreate the 

Dipper, Milky Way and the heavens, M9521 $3.95 
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oo, motors can make =n 
* Wheels go ‘round, 

1! propellers turn. 
— Unlimited b. 
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this special buy оч, 
j mo tors with 34" № : 

ts and 2 wire 


at at AM Radio Rec Reception With Select-ATenna. 
len To Station WOR N.Y. When In Boston. 

5 new antenna will bring in those weak, distant, 
radio signals loud and clear. 

у, ge Léxcelient ГАШ: a) TELED - 
on all AM stations. Select-A- 
là Turns your AM radio into a 
ertul receiver. Used in Alaska to 
in stations from continental 


س 


Empioys mutually inductive FE | 
ing. Mini-jack and plug 
" día X72, 147 539.95 


10 Foot Solar Dirigibles 
Fly In The Sky When 
Exposed To Sunlight. 


These 10х2 ft. mylar solar shut- 
y ow the dirigibles will fly over houses 


| - 


re 


Ree б UC © and trees when exposed to the 


uL \ BY sun Weighs only 2 ounces. 
' A 2 Solar Dirigibles 


X35,889 $9.90 


"s Rocks. 

a them together and see ~. 
ring flashes inside the rocks! < 
source of light 15 a miniature 
hining flash" that occurs in T 
quartz material within the rocks. It's nature Е Pen ено 
к bags (6 rocks). 4 $4.50 


80 ару With This бү а 


. Liftup to 200 Ibs. Fun to use around docks 
j and bridges. A ‘must for a boat, it helps 
retrieve metal objects that fall overboard, 
Youll be amazed at Ке pull up. Wt. 

AS X 2lbs., measures 4x334x3'a^ Made with a 
ү}; Poly-Vinyl Chloride coating to resist cor- 
197" rosonandchipping. — X71,135 $26.95 


РА 


. Ts К -Heart Mode! | Demonstrates 
gamle Of Blood Through The нав. 


гё the ball pump and watch the 
ke continuous action of "blood" 


n 


1 pumped through the visible heart ene oe | 
net з= - just like à E Op е! D TAE МӨ 
| mà del used by doi educators || ^ 
st udents ideal far Bf tiene Ё "fai 
cts Finished model is 11" high 
to assemble, c 


2 complete with in- Г ЭШ, ip 
“Hons and display frame and ran "Es | 
- ЗБ, 825 8M. 95 —_ 


ASA Scientists А 
gir search tor eye А 
Chon Tor astro 4 
$ and high-altitude V 
; NASA scientisis % 
vered a color dye 
filters out 9945 of 


fel ultraviolet and bluelight hazard, < rig atur 
Wcal found in eagles eyes. Amate astronome ; are 
nmenting with Ihe new glasses to impro: night-time 
sensitivity The glasses are ot Ts Bd nda y night- iNT 
vou will not see the color t bl В while we: aring ther 


ted in hghtweight brass-tone frames ihe абарон 
s are coaled wilh seratch- i te CR-39. Visual 
pesson is an orange-brown tint gradient. Padded pro- 
'& Case. Full Frame Sunglasses X36 687 $44.95 
Tip- ‘OniFlip- “Up 436, 688 535. 95 | 


r System Mobile Brings The Planets And 
Into Your Home, Office or Schoolroom 


: e ези ТЕ E0 at the sunm and nime planets represented 
: best Most strong ar ists ا‎ M gti NASA [ natis 
gin full color оп sturdy hard. Measures 3'2 leat 
з when fully as 3ssembied X38,075 $14.95 
ا‎ For Phone Orders, Call 
IB | 1 (609) ) 573-6250 

for friendly special treatment 


* VISA, MasterCard, Diners Club, American Express 
\ Carte Blanche. Call anytime, 24 hours a day. 
ST ORDERS SHIPPED WITHIN 48 HOURS 


| Ropes. Can be used indoors and out, Male 


бХ 


| recording 6 faxa Vas" Screen is E 


| Build An Authentic Steam 


will vanish. Your friends will be m 


a - am a Which one vanishes? Where did he go? 
А single power stroke occurs when the piston moves in one 


direction. Painted in bright yellow, black and silver lacquered 
colors, this fully operational model is made of heavy gauge 
brass and steel bodies, precision machined and polished. Dry 
pellet produced steam powers the kit. Has forward and reverse 
controls and is fitted with a whistle for the authentic steam 


popular best-sellers! Package ol 4. 


With The Swinging- миш. 


sound. Easy to assemble. Complete with 20 fuel pellets апо ои. | Its hard to put down once you ў Lit 
i | start playing with it. Swing one of | ami 


the nickel plated balls and watch | 


Super Snooper™ Electronic A, Ear Picks Up 
EI the one on the oppos 


Sounds From Over 40 Feet ^ — A 
Kids willhave fun withthe Super Pss 

Snooper electronic toy thal gives 
super-human hearing, indoors 
and out. They ll be able to listen 
to birds and animals before they 


Йе side 
swing back, Consists of 5 balls 
suspended by monofilament to 
the wood trame. 9x7x9' 
X33738 $19.95 
Mini version of above, chrome 


padded, adjustable head- 
phones. Black and silver. 
Powered by a SV battery 


AERE 


12 Foot Light Show Of Multi- Colored Bulbs - Bulbs 


batteries go dead, Dynamo 


booths and are one-of-a-kind decorations 
Clear plastic ¥ flexible tube encases 44 tiny, 


brightly colored bulbs in 12 ft. long Light Radiometer...A Space Age Sphere. 4 М 


It's fascinating to watch the delicate vanes 
within this 5" precision-made sphere spin 
faster and faster illustrating the basic prin- 
ciple of solar heating. When light strikes the 
vanes it transfers heat, and the vanes begin 
to move. Works from direct sunlight or ar- 
tificial light. An attractive "conversation 


and female connectors at each end allow you 
to mix and match color strands. Lights in the 
rope will move in à stationary pattern ог (1 “Se 
"chase" each other at à variable speed you Ж 
Select. A transformer is required to снаа \ 


| lights $19.35 Ea. | 
| 43, 518.95 Еа. 10 or more 515.50 Ea. Lm WERN rmm 
сог лм нн RON di The Chandler eeiam 


: mx А Classic Favorite For 75 Years. 


E- 


X36,660; Multi Color Х35,279 


| u ht Controller for forward, reverse and speed com 1 RS P 3 Demonstrates “gyroscopic inertia or rigidity 
TOH? input. Speed selector switch will handle up to Wa. yy in space as first recorded by Isaac Newton 
| 8 Light Ropes 35,280 $24.95 “Qe An object rotating ange ree Му rea 
риат UIS Wire? Wa Sikes Mic clone aa z a condition in which the axis holds its 
Miniature Water Pump For Photo Darkrooms, ^ position with respect to inertial space, no 
F ir, Water Displ 75 ү! matter how the spinning objects support 
еме : tI Р ТЕ ` PA | is moved about. Machined, painted and 
(ЕЕ: dm m ES El Lr C : balance-fitted all by hand EOM. ep 
This t ny pump can pump a Pu ae > — p = VISUS IIS ATH DOCU STR Ns : 
high ч Яле mes vum JJ . —— = Fun And Intri ^ ! You'll Play For Hours 
ture control and circulation  X90.345 56.95 Y. With These Colortul Magnetic Magic Marbles. 
of darkroom chemicals, table fountains, model waterfalls, water | Build a mountain н у geometric pal- 
filtration and more. Can be used in either direction andis self | tems with these fascinating, high impact 


priming. Operates on 2 flashiight batteries (not incl 1, runs up 


plastic marbles. Each marble has both a 
to 48 hours before battery change is required. 4" tube incl 


negative and positive pole. A challenge to ёз 
your imagination. Fun for youngsters, 9 
adults, too! 20 marbles рег package, “ 
434,968 (Package of 20) $3.49 
X35, 854 (Package of 100) $14.95 


Build Your Own 2000? Solar Furnace W With This 
Fresnel | Lens а! Harness The Sun's Rays! 


ii 8. [e A Youll be abl to use this pre- 
\ З Быз L \~ j 


100 Piece Peg Board Hardware Bonanza. 
6 La 


xm SPECIAL 
PURCHASE! 
Brand new indus- 
— (rial peg board 
hardware at à very 
special savings. Our bargain pack con- 
tains 95 J" hooks and 5 six-place “screw- 
driver racks. Organize your workshop. 


Cision lens as a solar cooker 
j= for heating food, as a Кіп for 


pieces, lab. school room or office ata fraction of | fh t „=. MA / c pottery — and even to meli 
= Маала хайна 91.95 : ik мі lo» ix metal or for other solar ex- 
| | lk periments, Lens has an 814" f I. 50 lines 
| Ultra Mini Motors For Science Fair Projects. 7 per inch, measures ТХУ” ы” thic 


For the hobbyist with imagina- 
lion there are many uses; with | 
mini toys. robot component, | 
displays, demonstrations, etc. | 
Micro size motors were origi- | 

а nally designed t if асма ince the g 
fiim n disc cameras. Measures only “aL x | x dH 
"ha" dia. x a long shaft. At 3 volts 200ma they will 
rpms Solar celi to rum motor, X31,276 $5.95 
Pkg. 100 X38. 342 1 560 


Light Powered From Reaction Of Aluminum 
And a Using Only Ordinary Salt Water. 


A new battery system which is 


e Unmounted lens comes with 16 page 
|| book, “Fun With Fresnel Lens: Instrucbons 

L ————— | included on how to build the 360° stand 

|a—- c» and frame shown. 

hz cw 

Fingertip Pulse Monitor Tracks 

Cardiac Fitness. It Calculates, 

Measures And Displays Your Pulse. | 


The PulseTach fingertip heart computer accu- f 
rately records what your pulse is doing to in- 13 
sure that you get maximum TM subg * 

cise without damage from aver-exer- === 
tion. 15 actually a micro-computer that / 


based on a unique electro-chemical | fits on your finger Weighs only E 
= technology generates electricity | an ounce and can be womdur- j= |/ д 
< from the reaction of aluminum and | ing most exercises. An LCD | M. 
|. air using salt water as the active | display shows your pulse, an —| «^7 —— 


audio beeper lets you listen to your heartbeat rhythm. its also 
a quartz one hour stopwatch so you can even time your exer- 
cise program. Comes complete with long-life batteries, 
necklace lanyard and instructions. 


ingredient. Features indefinite 
storage life, very low weight until 
act нп fairly constant voltage 
оп discharge. reusable. Ful con- 

tains aa cell, flexi-neck lamp. 
X38, 107 524. 95 bulb. mixing bottle, instructions. 


= Now You Can Enjoy Seeing Your Old Home 
MM ر‎ /Movies And Зах On Television. 


| CATALOG 


шыбы Raa unique and exciting values. 
meaner d educational, fascinating and useful for 
every hobbyist, gadgeteer, student and educator. 


Its casy and inexpensive to convert your home movies and 
slides to videotape. Just place your movie camera or slide pro- 
jector and focus the image onto the mini-screen of the Tele-Cine | 
converter Aim your video camera into the lens, focus and start $ 
X33, 528 559. 35 


No Risk Guarantee! ii you are not completely satisfied with your purchase, return the merchandise 
in its original package and we will cheerfully refund your money in full. We back our products! 
Qur 30 дау unconditional guarantee means you take no risk оп any product you buy from us. 


Edmund Scientific Co. 


Dept. 2102, X10, Edscorp Bldg., Barrington, NJ 08007 


| The Vanishing Leprechaun.. -Will Anyone Ever 


chauns. With a “slight-of-hand one leprechaun 


When he comes back, where has he been? One of our most 
X37,473 $4.95 


Newton's Third Law Of Motion Demonstrated 


can be heard. Just point the disc frame, 2x192x1334" X37,472 $3. 95. 
| and pull the trigger. Sounds are Here's An Emergency Radio/Flashlight 
Грай цр rom gver (ИПЛЕ That Never Neds Batteries Or House Current. 


When power failure strikes, and your 
Radial 
Flashlight comes to the rescue. A 
unique, self-contained hand-crank 
pun provides sufficient power 
or hours of important AM/FM radio 


| — emergency information and a power- 
Makes Unique Window Display Or Decoration. =з. „| Ж bright fiot from its fiashight. A 
Weatherproof Light Ropes create moods, 2Z? handy tagalong (without any emergency) at sporting events, 
grab attention for sales displays and trade camping or оп vacation. Reg. $39.95 X35 4 $19.95 


X70,533 $15.95 5 — 
—-— 
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Edmund's Famous | Press 1 The е Space Fidgit And Create Fantastic, 


+ GINS, pressure wil make new designs. 
A par sonal . 1 | 3 inch dood er, 'K37,1188 55.95 


| ‘Ultra: Sensitive Directional Sound ma 


Powered Tractor And "Hen E: 23 ыны This имеп? | Jumping Limitless Color Patterns. 
Kit UM көйү. : Quarters | Qt Fidgit" gently with your finger 
T | or а few Seconds = Ine DESTE af 
1 eats Leap 3 1 | heat ser Пы tive materia Will create count- 
single-action Feet Into Vea; JE 829) | less patterns and colors trom the heat 
fa steam engine A fascinating illusion, We found it at a math | The Air! A Mo Fy and pressure generated from your 
C-B ol the 1800's, teachers seminar. А 3x7" card with 15 lepre- | Foli of tun and surprises. Y f touch. Heat and cold will change its 


Simply click the jump- 
ing disc between your 
| fingers, rub for a second, 


(Way It on any ess am Y | Picks Up Signals 200 Feet Away! — 
tace.. and e* Used for police surveillance and excellent 
POP! It leaps жб | for nature study, microphone and head 
into the air, 3 i set amplified аи UD SUE MEN гау = 
leet high. Friends | Overhear private conversa- — } 
won't be able to re- „” چ“‎ tions — listen to the sounds 

t tink h "dii. of animals al distances ihal i 
n * Но i Paid ^ are ош! of hearing range — 
it work? The riche and ү | its fight enough (only 3% 


ounces) 50 the microphone 
can be mounted on your binoculars. Com. x 
pact, measures oniy UE Powered D y 1 AAA ` 

battery, included. Frequency response 20092 to B0DHz. gut- 
put level 49 db's maximum. Complete with padded microphone. 
[ Z2 , amplifier and headphones, Х38,042 $59.95 


"Crush-A-Can" Completely Flattens 


stainless steel discs 

work on the principle of - 

thermodynamics. Heat ù 

{rubbing the discs) makes metal 

expand, a cool surface haces it | 

contract. 12 jumpin riers 
M X42 089 $3.95 


\ 


Space Shuttle A Can To Only One Inch. 
Blasts 100 Feet Simple to use, just pull the lever 
Into The Air. Heips promote а cleaner envi- 


ronment and condenses trasn 
in your поте. Мо more bulky 
garbage bags. All steel model 
E measures 13'9x42x4!27 Easy 
ta mount. Light tàn 


Using air and water as 
fuel, the Apollo space ^ 
shuttle and booster 
rocket blast off to- 
gether, and at flight's 
peak, shuttle sepa- 
rates from rocket and 
manned recovery cap- 
sule parachutes back 
to Earth. Virtually in- 

| destructible, n ade of 
Butyrate plastic 


55 Piece Lab Set Assoriment—Special Buyi 


A super bargain every 
chemist can use in the 
lab and at home. Its 
surplus, but brand 
new. Giant assortment 
: - includes test tubes. 

vials, measuring Cups, 
bottles with caps, gare beakers, pipettes. squeeze bottles 
and more. Assorted sizes and quantites. — X35,474 $34.95 


| Amazing 8x20" Spy Scope, Fits InThe Palm Of 
\ | Your Hand! oo The World B Times Closer. 


E 


yT .Pertect for hunters, bird- 
wabchers, rac ing anti Sports 


TU А fans You'll never miss out 
Р iy | 


NM _onthat rare ferd-sighting. 
^. the big play.. or the photo 

) fnis sh again, It measures a 
,/ mere 3'àx3xlUs" weighs 
"Oni 2 ounces. Precision in- 


dow. Operates on one 9V battery (not 


The | 2 STument re fully coated 

H | ae Optics with fingertip. cantra, 

ме? " gives bright, sharp images and is fully sealed to resist dust and 

Demonetration moisture. Neck strap and case included. Х1568 $34.95 
Of Physics. СУ Digital Thermometer Reads  - Wa 

* | ч. pui л” 
a | How Cold It Is Outside. Ay, 

; » This new high-tech marvel male tempera- 

kd X | | ture in your home and outside, too. Can 

1 E be wall mounted — just extend the 5 ft. wire 

Watch the liquid contained wi thin i} sensor out the window and close the win- 


E. POR seil pr li incl.). Gives readings from —40°F to 
hand that increases the vapor 99°F, measures 2х 
Reg. $24.95 хи, 005 $19.95 


ressure within the chambers 

he warmer your hand, the j 
it works in this unusual demon- 
stration of physics. 


| Our 5 Ft. Inflatable = 
| Monsters Are Friendly! «2 
A fantastic hit at every pool, 


beach or child's room. Easily 
Ой ir ea, Happy Bird | inflated, scientifically accu- 
ever simps rate with detailed anatomy 


Drinking! and markings. When fully in- 
flated, they measure up to 5 
feet in length. Each is printed 
| in multiple colors on Tex- 
tured, heavy gauge viny 
Patch kit included 
Stegosaurus ——= 
X37,241 $24.95 
Tyrannosaurus Rex — 
X31.242 $19.95 


This Clever Gadget Will 
Tell You How High You Are. 
Whether you're driving cross country or IS х 
hiking in the mountains, this Altimeter will | 

tell you how high you are. Shows eleva- je 
tion from sea level to 15.000 feet. Can be "a. 


= 


Fascinating to watch. Simply 
duck the bird's head into a glass 
of water to begin happy birds 
bobbing motion. Then the bird 


takes over, Continuously dipping | mounted to dashboard with self sticking К 
into the water for a drink. tape (incl.) or has pre-drilled screw holes. Also has built-in 
778 $3.95 | barometer, With case. Reg. $29.95 ,544 $22.95 


Edmund Scientific Co. 
Dept. 2102. X10, Edscorp Bldg. 
Barrington. NJ 08007 

METHOD ОЕ PAYMENT: 
Lj Check enclosed О VISA 
О MasterCard О Diners Club 
L] American Express -C Carte Blanche 


STOCK NO 


Exp Date 


Card Number 
Total Price 
Bank Number (MasterCard only) 

In NJ Add 6% Sales Tax 


Signatur 
и Add $2.50 for 


RUSH FREE 80 PAGE postage and handling 
FULL COLOR CATALOG ^... cen 
І 
| Name. 
| 
i Address 
| 
| City State Zip 
E- 


= = = = = Serving Science Hobbyists Since 7942 = = = = = = 


What’s New 


in Electronics 
BY WILLIAM J. HAWKINS 


< 

Computing calc 
Don’t want a computer to do 
your payroll? You might not 
need one. Paycalc from Bas- 
tech Computer Co. (4250 W. 
Third St., Los Angeles, Calif. 
90020) is a calculator that 
uses plug-in tax modules to 
determine all payroll deduc- 
tions. Results are shown on 
the built-in printer. $440. 
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САП in one 


Pioneer's auto audio system 
contains a six-disc CD play- 
er, auto-reverse Dolby-B/C 
cassette deck, and AM/FM 
tuner. The CD player is pro- 
grammable for up to 32 se- 
lections and 16 magazines of 
discs. The dash unit and 
trunk-mounted disc player 
are each $650. 


QNear-view rearview 


The camera (left) mounts on 
the rear of your truck, RV, 
bus, or van; the 4-in. black- 
and-white monitor mounts 
on the dash. Result: ап elec- 
tronic rearview mirror. Made 
for vehicles where an unob- 
structed rearview is critical, 
Sony Security Systems' Auto- 
motive WatchCam is $1,500. 


Text maker 


The Magnavox VideoWriter 
450 makes your word pro- 
cessing easier: It contains a 
50,000-word spelling checker 
and thesaurus and a mail- 
merge feature for creating 
boilerplate documents. A 
parallel interface connection 
lets VideoWriters exchange 
text. Price: $899. 


Movie mixer 


Plug Canon's new mixing 
microphone into your cam- 
corder, and the result is 
professional-sounding home 
video “movies.” The micro- 
phone blends an outside 
music source (records, tapes, 
CDs) with the voice sound 
track as it's recorded. The 
price: $150. 


NRI Trains You At Home—As You Build Your Own IBM-Compatible Computer 
GET THE KNOW-HOW 
GOMPUTER ON THIS PAGE. 


Learn the Basics the NRI 
Way -and Earn Good 
Money Troubleshooting 
Any Brand of Computer 
The biggest growth in jobs 
between now and 1995, 
according to Department of 
Labor estimates, will occur in | 
the computer service and repair 
business, where demand for 


trained technicians will actually 
double. 


You can cash in on 
this opportunity—either 
as a full-time corporate 
technician or an inde- 
pendent service-person 
—once you've learned all 
the basics of computers 
the NRI way. NRI's 
practical combination of 
"reason-why" theory and x | 
“hands-on” building skills À we 
starts you with the funda- 
mentals of electronics, then \ 
guides you through advanced 
electronic circuitry and on into 
computer electronics. You also 
learn to program in BASIC and machine 
language, the essential languages for 
troubleshooting and repair. 


Total Computer Systems 
Training, Only From NRI 

No computer stands alone. . . it’s part of 

a total system. To really service computers, 
you have to understand computer systems. 
And only NRI includes a powerful com- 
puter system as part of your training, 
centered around the new fully IBM 
compatible Sanyo 880 Series computer. 


You start with the step-by-step 
assembly of the new, highly rated fully 
IBM compatible Sanyo 880 Series com- 
puter. You install and troubleshoot the 
“intelligent” keyboard. Then you assem- 
ble the power supply, install the disk 
drive, and add extra memory to give you 
a powerful 256K RAM system. The new 
880 computer has two operating speeds: 
standard IBM speed of 4.77 MHz anda 
remarkable turbo speed of 8 MHz, mak- 
ing it almost twice as fast as the IBM PC. 
Next, you'll interface the high-resolution 
monitor and begin to use the valuable 
software also included with your com- 
plete computer system. 


IBM is a Registered Trademark of IBM 
Corporation. 


Epson is a Registered Trademark of Epson 


America, Inc. 


Apple and the Apple logo are Registered 
Trademarks of Apple Computer, Inc. 


Compaq is a Registered Trademark of 
COMPAQ Computer Corporation. 


21985 AT&T Technologies, Inc. 


It all adds up to confidence- 
building, real-world experience 
that includes training in program- 
ming, circuit design, and peripheral 
maintenance. You'll be learning about, 
working with, servicing, and trouble- 
shooting an entire computer system— 
monitor, keyboard, computer, disk drive, 
power supply—to ensure that you have 
all the essential skills you need to succeed 
as a professional computer service 
technician. 


No Experience Needed, 
NRI Builds It In 


This is the kind of practical, hands-on 
experience that makes you uniquely 
prepared, with the skills and confidence 
you need for success. You learn at your 
own convenience in your own home. 
No classroom pressures, no night school, 


no need to quit your present job until 

you re ready to make your move. Your 

training is backed up by your personal 

NRI instructor and the NRI technical staff, 

ready to answer your questions 
and help you when you 
need it. You get it all with 
NRI at-home training. 


100-Page Free 
Catalog Tells More 


Send the postage-paid 
reply card today for 
NRI's big, 100-page, 
color catalog on NRIs 
electronics training, 
which gives you all 
the facts about 
NRI courses 
in Micro- 
computers, 
Robotics, 
Data Com- 
munications, 
TV/Audio/ 
Video Servicing, 
and other growing 
high-tech career fields. | 
If the reply card is missing, | 
write to the address below. | 
| 


Your NRI total systems training includes: 
* NRI Discovery Lab* to design and modify circuits * 
Your four-function digital multimeter with walk-you- 
through instructions on audio tape * Digital logic 
probe for visual examination of keyboard circuits * | 
The newest Sanyo 880 Series Computer with "intelli 
gent" keyboard and 360K double-density, double-sided 
disk drive * High resolution monochrome monitor • 8K 
ROM, 256K RAM * Bundled software including GW 
BASIC, MS-DOS, WordStar, CalcStar * Reference 
manuals, schematics, and bite-sized lessons. 


Afro... 


McGraw-Hill Continuing Education Center 


3939 Wisconsin Avenue, NW | 
Washington, DC 20016 

„ЛІ 

e 


We'll Give You Tomorrow. Us ۳ 


| The Quality Alternative 


to High-Cost Inflatable 


Why pay $1000 or even more 
for an inflatable boat? Our popular 
Sea Eagle GT-15, shown above, holds 5 
adults, goes over 20 mph and costs only 
$700. And now it features molded-plastic 
floorboards and transom for longer life, 
greater stability, easier assembly and 

no maintenance! The SE GT-15-just one 
of many high-quality inflatable boats. 


e11'8" x 4'8" inflated eWeighs 97 Ibs. 
*Holds 5 adults Takes up to 15 hp motor 
Costs just $700. 


ere Ear => “Se 
л Е БЕ Ыр — 


а division of Harrison-Hoge Industries, Inc 


| 
Cc 


. Boats! 


FREE COLOR CATALOG! 


Phone Toll-Free anytime 


1-800-367-3600 
Ехіепѕіоп 498 


OR WRITE: Sea Eagle, Dept. 498 
104 Arlington Avenue, St. James, NY 11780 


Rid Your Property 


of Unsightly Brush Piles! 


| Turn ғ a mess 5 like this... 


&] • it's a powerful Chipper. handles bi 


with the Amazing TROY-BILT 
TOMAHAWK?* Chipper/ Shredder! 


branches up to 3” in diameter wit 


any organic matter into perfect mulch 
and compost instantly! 


- 4 | e Revolutionary Now Compact езп. 2 
» d-st 


into beautiful F FREE mulch 
in less than one ‘hour! 


© 1988 Garden Way inc.. 102nd & 9th Ave., Troy, NY 12180 
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ways better than bulky “ol 
chipper/shredders! 


| e 3 Mode! Sizes...for small suburban lots 


or big country properties! 
- Also available in Canada 
For FREE information package 


| CALL 1-800-438-1700 Dept. 672 
Anytime, or 


MAIL THIS COUPON TODAY! | 


Garden Way Mfg. Co., Dept. A672 
102nd St. & 9th Ave., Troy, NY 12180 


YES! 1 want to know more about the amazing TROY- 
BILT TOMAHAWK® Chipper/Shredder! Please 
send me complete details including prices, models 
and SPECIAL SAVINGS OFFER right away! 


3 13 


Name 
Address 
City 
State 


а Je ease! | 
| ® It’s an efficient Shredder..turns almost | 


Beam-power plane 
[Continued from page 65] 


also be useful as a power source in 
the daytime, so we could cut down on 

eam power and save money at the 
ground source." 

The cost of that ground system 
would be substantial, estimated at $30 
million to $50 million. But a commer- 
cial communications satellite costs 
about $30 million just to launch, and 
the satellite itself commonly costs $80 
million to $100 million, with some 
elaborate ones running much more. 

What would the Canadians get for 
that investment? “With the plane fly- 
ing at 70,000 feet," Schlesak said, 
“we'd have coverage on the ground of 
about 375 miles in diameter, roughly 
the distance between Montreal and To- 
ronto. Ап entrepreneur could use one 
of these high-altitude platforms to 
beam TV to both cities on the same 
channel. And I'm talking about direct 


| broadcast. In rural areas, we could 


broadcast right to a home dish. And 
they wouldn't have to be ten-footers. 
They could be only one-to-two-foot 
dishes, that you could hang out the 
window or strap on to the chimney. 
We might even provide high-definition 
TV, which needs a lot of bandwidth, 
to cities, where in some cases the cable 
system would have had to have been 
modified otherwise. 

"Big satellites tend to be put up by 
nations or by very large organizations. 
Our system could be operated by re- 
gional, state, or provincial govern- 
ments, or by entrepreneurs. One sys- 
tem could be set up for the provincial 
police or for the power authority." 


Cellular phone service 


Another key benefit would be a true 
mobile cellular-telephone service for 
motorists even in rural areas (as 
opposed to the expensive big-city 
cellular systems that use multiple 
repeaters). "The satellite people are 
developing such a system now," Schle- 
sak said. But it's a very expensive 
satellite—up in the hundreds of mil- 
lions of dollars. And with a geosyn- 
chronous satellite 23,000 miles high, 
you dont get enough signal at the car 
to be able to use a simple whip an- 


| tenna. The special antenna needed, 
| with twice the gain, might mean you'd 


have to add one inch to the roof line of 
the car. But with SHARP, only 70,000 
feet up, you could use the standard 


whip antenna." 


SHARP could also carry radar; a 
network of such aircraft could provide 


| a radar fence capable of seeing right 


down to the horizon more than 300 
miles out over the ocean. “Current mil- 
itary radars take you only about fifty 
miles out," Schlesak said. “It could 
be an early-warning system, especially 
valuable because it could spot low- 


flying cruise missiles, which аге 
among the hardest things to detect 
these days.” The same system could 
also patrol the coasts for drug smug- 
glers and illegal immigrants. Of par- 
ticular interest to Canadians would 
be the ability to police the 200-mile 
offshore fishing limit. The Grand 
Banks, off Newfoundland, constitute 
one of the world’s most prolific fisher- 
ies. Some foreign fishing boats are li- 
censed to operate there, others are not. 
SHARP could provide round-the-clock 
surveillance for long, uninterrupted 
periods. 

“From the point of view of power- 
ing, there is no limit,” Schlesak said. 
“But мете targeting continuous flights 
of six months. Ozone might degrade 
some of the plane's materials; there 
might be corrosion of the rectenna. 
Motors don't run continuously forever. 
And we might want to change the pay- 
loads. Or we might go with new ma- 
terials and fly for a year or two... it's 
a question of cost. 


Future plans 


“We Canadians are the first to de- 
velop this concept on a small scale, 
and if all goes well we'll be the first 
to develop it on a large scale." 

The next step, according to CRC 
planners, is a demonstration using a 
half-scale plane that would reach an 
altitude of 2,000 to 3,000 feet and a 
ground system consisting of perhaps 
30 antennas. Schlesak thinks it would 
take from two to three years to reach 
that goal. ^We could have a half-scale 
plane built in two years if we got the 


funding right now. The microwave- | 


power design would take from one to 
two years. That would give you every- 
thing you needed for going on to the 
full-scale system. For example, you'd 
have to develop a computerized con- 
trol system to fly the plane on auto- 
pilot, because at a few thousand feet 
it would go out of sight. We would 
need about $10 million to get to the 
half-scale prototype. We've spent about 
$2 million in federal funds so far," 
he said. 

Every engineer or scientist who has 
ever worked on such an ambitious 
project knows that extra time must 
be built in to the schedule to allow 
for any unanticipated glitches. After 
all, "the best laid schemes o' mice and 
men....” 

In fact, it was a mouse that suc- 
ceeded in delaying the flight of the 
SHARP-5 for four weeks. Seems the 
not-so-tim'rous beastie gnawed its way 
into the craft's balsa-wood fuselage 
and took up residence inside. There 
it happily kept its teeth sharp by chew- 
ing up all the struts and the control 
cables. Gang a-gley indeed. rH 
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. . . Sending 
now for 
your Free 
Lifetime 
Security 
Fact Kit! 
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Your FREE Lifetime Securitv 


| Fact. Kit tells vou how to make 


$18.00 to 530.00 an hour in your 
own Foley-Belsaw Full-Service Saw 
and Tool Sharpening Business. 
Your FREE Fact Kit explains how 


| vou can: 


—be your own BOSS! 

—work full time or part time, 
right at home. 

—do work you enjoy and take 
pride in. 

—operate a CASH business 
where 90@ of every dollar you 
take in is clear cash profit. 

And it is so easy to learn. Folev- 
Belsaw gives vou all the facts and in- 
structions. No previous experience 
or special training necessarv. All vou 
need is the desire and ambition to 
be vour own boss. Folev-Belsaw tells 
you everything vou need to know to 
be successful. 

There's plenty of business where 
you live to keep you busy. It doesn't 
matter whether you live in a big 
city, small town or a small farm 
community. 


Earn While You Learn 
You'll quickly be able to develop 
the skills necessary to earn a steady 
income. You'll be able to sharpen all 
types of saws, garden and shop tools 
for home, farm and industry. 

Profits from your Foley-Belsaw 
Full-Service Sharpening Business can 
provide... 

... CASH for future security 
or supplemental income 


... CASH for travel, vaca- 


Be Your Own Boss and Make 
0. 
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tions, fishing trips 


... CASH for the things you've 
always wanted! 


And you'll be able to set your own 
hours and not have to worry about 
layoffs and strikes. There are no fran- 
chise fees. Best of all—age or phys- 
ical condition is no barrier—any age 
person can succeed. 


You can be like Steve Taylor of 
Brookville, Ohio, who told us: 

"... the first year I grossed 

$21,000.00." 


Or James B. Jones, of Albuquer- 
que, NM who reported: 
"This past summer my sales and 


service amounted to almost 
$6,000.00 a month." 


But you've got to get the FACTS 
before you can get started. So 
WRITE NOW for your FREE Lifetime 
security Fact Kit. It's yours to keep 
with NO OBLIGATION. 


TD m 
Foley-Belsaw Co. | Lifetime 
6301 Equitable Rd. — Security 
Kansas City, Мо. 64120 FACT KIT 


Foley-Belsaw Co. 
ў 6301 Equitable Rd.. Dept. 20612 
Kansas City, Mo. 6412 


| |_| YES, | want to know more! Please rush my 
| FREE Lifetime Security Fact Kit. No obli- 
| gation апа no salesman will call. 


City State Zip 
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WIN $1,000 WITH YOUR\PROBLEM-SOLVING DECK 


e PRIZES: A $1,000 check will go to the 
top deck design, with two secondary awards 
of $500 and two third-place prizes of $300 
each—a total of five cash prizes. All five 
decks will be featured in an early-summer 
issue of PoPULAR SCIENCE. 


tively photographed. If you need help de- 
signing a new deck, send $1 to California 
Redwood Assn. (address on the coupon) for 
a Deck Builder's Starter Kit. It includes a 
colorful idea booklet, a manual on deck 
construction, and several construction-tip 
sheets on specific projects, such as build- 
ing decks around hot tubs or over concrete 
slabs and adding benches and planters. 


e HOW TO QUALIFY: Your deck must 
use redwood in its construction, prefera- 
bly for all visible surfaces. Other materi- 
als may be used for structural support— 
though, of course, the entire deck may be 
built of redwood if you prefer. Your deck 
should be functional as well as attractive, 
and should solve at least one problem 
—taming a difficult site, providing built-in 
storage, concealing an eyesore, etc. Re- 
cently constructed decks are eligible if they 
meet the above criteria and can be attrac- 


e HOW TO ENTER: Fill out the entry 
coupon, or list all information the coupon 
calls for on a separate sheet of paper. Send 
along at least one clear photograph (black- 
and-white or color print preferred, but color 
slide 1s acceptable). Include a dimensioned 
diagram calling out the nominal sizes of 
each redwood member (for example: 4x4 
post, 2x6 joist, 2X4 decking); a crude pen- 


—— E ENTRY COUPON (Clip and attach to your photo) = = = = = = = 
Mail entry to: | 
POPULAR SCIENCE CONTEST (CRA) 
591 Redwood Highway, Suite 3100 

Mill Valley, Calif. 94941 


To qualify, entry must 
reach Mill Valley address 
by Jan. 15. 1988 


YOUR NAME (print or type) 


Daytime 
Phone No. 


ADDRESS 


CITY STATE ZIP 


My signature certifies that this project is of my own design or was 
commissioned for my home, and used redwood in its construction. 
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SUBURBAN GARDENERS 


Don't Buy 
a BIG 
TILLER... 


for a small job. 


T N garden is an acre or less, hire somebody to 
plow it once a year... and buy a Mantis for yourself. 
Mantis tills and weeds a practical 6" to 9" wide, turns on a 
dime and weighs only 20 pounds! Simply turning a 300-pound 
tiller in a backyard garden is a challenge. 

Most big tillers were designed to just till (but many now offer 
clumsy "add-on" attachments as an attempt to justify their high 
cost). The Mantis was designed from the beginning to 
precisely match a small, powerful engine to a variety of useful 
attachments for your yard and garden. 

Most big tillers cost an arm and a leg. The 
Mantis is a tough, durable, precision instru- 
ment... yet it costs a fraction of what you'll 
pay for a big tiller. 

FULL-MONTH TRIAL 
Most machines are partially covered for 90 
days to a year. Mantis has a Lifetime Warranty 
on the tines, a Lifetime Replacement Agree- 
ment on the engine. Best of all, you get a Full- 


chee 


' guaranteed 
г. for life! 
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IZ | Mantis Manutac 


turing Co. 
1458 County Line Rd., Dept. 23018 
O Please RUSH details on the Mantis Tiller/ 


Huntingdon Valley, PA 19006 
Cultivator and the FULL- MONTH TRIAL. 


Month In- Your- Garden Trial (if you don't like it, Name 
we'll buy it back!). о | Address 
Ф: ш 
For free details call toll free, 800/344-4030 о ш City 
(їп PA, 800/342-0052) — or mail coupon today! 5 State Zio 
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cil sketch will suffice if it's thoroughly la- 
beled with critical dimensions. Also include 
a list of all materials used: redwood, other 
lumber or plywood, hardware, finishing 
material. Specify what problem the deck 
solved, and jot down special construction 
tips you'd like to pass on to anyone attempt- 
ing to adapt your project to his own site. If 
no publishable photo is supplied, POPULAR 
SCIENCE and CRA reserve the right to ar- 
range photography at your convenience 
(and their expense)—but failure to supply 
at least a snapshot of your deck will dis- 
qualify the entry. And the better the color 
photo you submit, the better the judges will 
be able to evaluate your project. Entries 
must be delivered to the address on the 
coupon by Jan. 15, 1988; upon delivery, 
publication rights belong exclusively to 
CRA and POPULAR Science, unless neither 
exercises the option within six months. 

No entries except the five chosen win- 
ners can be acknowledged, and none will 
be returned unless accompanied by a 
written request and self-addressed enve- 
lope with proper postage. Do not submit 
models or presentation boards over 18 
by 24 inches. Blueprints of any size are 
acceptable. 


e JUDGING (by Home and Shop Editor 
Al Lees and representatives of CRA) will 
be for the most effective use of redwood in 
a problem-solving deck. Winners will be 
notified by Feb. 1. Good luck! 


INTRODUCING 
New 1988 RuncaL C 


f Medicare 
Approved 


OUR HIGHEST QUALITY 
AFFORDABLE 
ELECTRIC 3-WHEELER 


Take this compact, portable 3-wheeler 
anywhere. Easy One-Hand Operation. 
Built-In Battery Charger. Rear Suspen- 

| Sion System. MEDICARE and private 
insurance reimbursable. Call or send 
coupon below for a FREE 20 page color 
catalog. 


1-800-662-4548 
— | ASK FOR A FREE 
Free 20-Page, Full Color HOME 
DEMONSTRATION! 


| Electric Mobility Corp., Dept. 1744 | 
| #1 Mobility Plaza, Sewell, NJ 08080 | 
| Мате i 
| Address | 
| City ZB = | 
| Phone (— )__ | 
- = 


Why Are We Offering 
This Nationally Advertised 


WAVEMASTER-180™ 


SPORT BOAT 


s part of a nationwide advertising campaign, the leading 

New York outdoor equipment firm of RBM & Co will 
give away its successful nationally advertised WAVE- 
MASTER-180 SPORT BOAT for theastonishing price of 
only $10 to every person who writes to the company 
address (below) before Midnight, March 31, 1988. 


Include this original publicity ad with your 
request. No copies or photostats accepted. 


These are the same WAVEMASTER-180s nationally 
advertised by the company in leading media throughout 
America. Inflating to almost five feet in length and nearly 
12 square feet in area, they are one of the most exciting 
outdoor items ever sold by this leading multi-million-dollar 
supplier. Yet your price is only $10 during this publicity 
campaign. 
A whiz on the water! 


These spunky craft are real performers. Sleek and trim, 
they handle like a dream in either fresh or salt water. 
They're perfect for beach fun, a season at the lake, oras a 
dinghy for your regular boat. The whole boat (all 72 square 
feet!) actually folds away to a mere 5 inches thin—to fit in 
its own handy carry case. And it inflates to full size in just 
minutes! (See FREE pump offer.) 


Each WAVEMASTER-180 also includes a braided tow 
rope, plus integral oarlocks and double air-chamber floor. 
No wonder this was designated as the company's sole 
luxury sport boat and is expected to be among the fastest 
selling (and probably most expensive) outdoor items in its 
class currently being sold by this well known national firm. 
Yet vour price during this publicity campaign is only $10— 
and they will not be sold at this (or any other) price by the 
company in any store. 


for only $10 Qs 


= 


FREE BONUS 


Step-Flow Foot Pump 


Bellows-type foot pump 
inflates your boat to full 
size and buoyancy in 
minutes with only vour 
foot. No hand-pumping 
necessary. Yours FREE if 
you mail your boat order 


| before March 25. 


High-Speed “No-Loss” Oars 
New Jet-Scoop high speed design takes less effort yet 
makes boat go much faster. Special “no loss” washers 
keep oars from falling out of boat. Full 45-inch length, 
yet weigh only //-/4 ounces each and pack away to just 
18 inches for storage. Yours for only $2 per pair if you 
order before March 25. (R40830) 


NOTE: There is a limit of two (2) per address at this price, 
but if your request is made early enough (before March 25) 
you may order up to 5. Each boat is covered by the com- 
pany’s full one-year money-back guarantee. 


TO ORDER: Mail this original printed ad (no copies or 
photostats) together with your name and address and pay- 
ment. Be sure to indicate your choice of REGULAR 
/2-square-foot size for $10 (Item R40820) or LARGE 
24-square-foot size for $17.95 (Item R40850). Add $5 
shipping for each boat. (New York residents add sales tax.) 
Allow up to 6-8 weeks for shipment. Make check payable 
to RBM Ltd. Mailto: RBM Boat Offer, Dept. 191-112, Box 
1086, Hicksville, N.Y. 11855. (R44040) 


©1986 ABM Ltd.. 1200 Shames Drive, Westbury. N Y. 11590 


(R44040) 


increases Heat Output by 500% 
ж Custom Built to * Super Efficient 
fit any Fireplace titanium stainless 
ж Easy to install. Heat Exchanger. 
ж Thermostatically No extras to buy. 
controlled, works * No dangerous 
automatically. Creosote Buildup 
And best of all you can enjoy your fireplace 
while saving on your heating bills because 
with Hearth-Aid II® you don't need to 
sacrifice your fireplace's appearance or the 
delight of an open fire to be energy efficient. 
Works with: Wood, Coal, or Gas Logs. 


For Free Information, Write or Call: 


The Heat Exchange, Inc., P.O. Box 1027 
Dept. JPS, Brentwood, TN 37027 


Nationwide Toll Free: 1-800-742-HEAT 
1-615-794-8425 


WE SPECIALIZE IN ARCHES, CORNERS & PREFABS. 


BANKS 

TURBO POWER 

Flattens Out Those Hills 
The “No. 1 Asked For” Turbo System 


^ 


FORD 6.91 / 7.3L TURBO SYSTEM 
| GM 6.2L TURBO ALSO AVAILABLE 
e UP TO 50% GREATER TOWING POWER 
e AS MUCH AS 20% MILEAGE INCREASE 
e |NCREASED EFFICIENCY/ENGINE LIFE 
| e MOST COMPLETE SYSTEM AVAILABLE 


e EMISSIONS LEGAL IN ALL 50 STATES* | 


*С.А.Н.В. EXEC. ORD. #D-161-2, #0-161-3 


© 1987 GALE BANKS ENGINEERING 
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Gale Banks Engineering 
546 Duggan Avenue, Dept. 651 
Azusa, Ca. 91702 (818) 969-9605 


COOLING FAN 


A bent blade on a belt-driven cooling 
fan can cause an imbalance that will 
overload and eventually destroy the 
water-pump bearing and seal. To check 
a fan blade for straightness, place the 
suspect fan assembly on a known flat 
surface and measure the clearance be- 
tween each of the blade tips and the 
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| Battery saver 


If service requires your car’s door to 
remain open for an extended period 


of time, you may discover a serious | 


battery-voltage drop. That’s because 
the interior light stays on while the 
door is open. To prevent a starting 
problem from developing, try wedging 
a tennis ball into the door jamb on 
top of the interior-light switch. 


flat surface. Replace the fan if one or 
more of its blades is more than %2 inch 
off the surface. Do not attempt to 
straighten a bent blade. Bending will 
cause metal fatigue and perhaps even- 
tual blade breakage. At speed, this 
could cause extensive damage to the 
hood or under-hood components. 


UNDERINFLATION 
EXCESSIVE WEAR 


ы — " CHECK 


OVERINFLATION 
EXCESSIVE WEAR 
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Uneven tire wear can sometimes be 
attributed to improper inflation pres- 
sures. For example, premature wear 
of both outside shoulders is a sign of 
underinflation. Overinflation will 
cause quick wear of the tire-tread 
center. Inflation pressure should be 
checked with tires cold—before the ve- 


| hicle has rolled more than a mile. 


Got a useful car tip? Send it (with Social Security No.) to Car 
Care, POPULAR Science, 380 Madison Аме. New York, М.Ү. 
10017. We'll pay $50 if we use it. No tips can be returned. 


Taking Care of Your Car - 


By STEVE MERCALDO 


Aerospace is the 
nation’s number one employer. 


Parks is first 
in aerospace education. 


workshop 
can PAY-OFF | 


START 
Б і е uaa P || Electrical Engineering 
Eam Extra income рин || at Parks College. 


Begin or continue 


For more information. complete and mail: 


Name 


Address 
City " 


Telephone 
(area code) 


H.S Graduation Date Major 


Return to: Parks College 
of Saint Louis University 
Power Feed END FOR Cahokia, IL 62206 


Power Tool. FACTS TODAY! 
Parks College 


PLANE e MOLD e SAW e SAND || ats | 
Four power tools in one — а real SAINT LOUIS 


money-maker for you! UNIVERSITY 


The Planer/Molder/Sander/Saw is a 
versatile piece of machinery. It turns out — ! 
profitable precision molding, trim, floor- SWISS INTERNATIONAL 
ing, furniture... in all popular patterns. GOLD & PRECIOUS METALS 


Rips, planes, molds, sands separately... 


COMPRESSOR 


COMPRESSOR 
CLUTCH 


Pulley patter 


When the A/C compressor clutch is re- 
moved for service, the compressor- 
pulley retaining bolt or nut must first 
be removed. To make removal easier, 
leave the V-belt attached and energize 


AIR-CONDITIONER // | 
the pulley's clutch with a jumper wire. 

| 

| 


This will hold the pulley while you or in combination. Used by individual |... MERCHANTS* 
spin off the retainer. home craftsman, cabinet and picture fram- | | 
ing shops, lumberyards, contractors and TURN YOUR SCRAP SSS INTO CASH! 
carpenters. | WE BUY 
Never before has there been a four- Fai EBU 
| way, heavy-duty woodworker that does so Unwanted 
М many jobs for so little cost. Saws to 
BATTERY [oS width, planes to desired thickness, and 1 x 
| BATTERY СОМТАСТ RS ut | Toce = IN 
| CABLE PAD | ee | molds to any choice of patterns. Sands to „ ar ERKE 
c C a satin smooth finish. Provides trou- ن‎ mae M 
BATTERY s : ble-free performance. And is so simple to а DES | Platinum 
TERMINAL | \\\ | operate even beginners can use it! | EU —— `„ Palladium 
| SEND FOR — | Silver, etc. 
30-Day FREE Trial! exciting Facts | = 
NO OBLIGATION-NO SA SALESMAN WILL CALL TERMS OF PURCHASE 
! Foley-Belsaw Co. B Payment in U.S. funds. 
di | 6301 Equitable Rd., M 1.91240 = Transactions strictly confidential. 
| Kansas City, Mo. 641 ш Record of transaction will be enclosed 
| - JS (3 A d | и” " with your check, noting: 
i - Unopened parcel weight. 
Foley-Belsaw Co. - Weight of net contents. 


6301 Equitable Rd. 
CARLY kansas City, Mo. 64120 


LJ YES, please send me the FREE Booklet that 
gives me complete facts about your. Flan- 
er-Molder-Sander-Saw and full details on 
how I can qualify for a 30-Day Free trial 
right in my own shop. I understand there is 
Ne bum and that No Salesman will 
ca 


- Value of gold determined by New York 
Gold Market, upon receipt of assay. 
- Details of assay. 
= All metal received is melted down and 
considered scrap. 
m Allow 14 days for precious gems to be 
appraised by our gemologist. 
Purchaser becomes owner of goods shipped on 
receipt thereof at prices and terms outlined above. 
Print in block letters & include in your parcel 
your name and full mailing address. Send to: 
| (In U.S.A.) (In Canada) 
S.1.G. & P.M.M.-PS 5.1.6. & P.M.M.-PS 
421 Center Street 301 Sheppard Ave. W. 
Lewiston, New York Willowdale, Ontario 
14092 U.S.A. M2N 1N4 Canada 
*Registered Trade Name _ |... SLG. P.M.M. LTD. ] 
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Charge cheat 


Dont trust a visual check when in- 
specting battery cables for corrosion. 
А dirty connection is hard to spot. This 
is particularly true of the newer side- | 
mount battery terminals. Remove the 
retaining bolt from the battery termi- 

| nal and clean both sides of the con- 
nector and the contact pad to ensure 

|| you're getting a crisp charge. 


Youll find the most helpful - infor- 


mation in the 116 page Crutchfield catalog. 


FREE 
Stereo 
Catalog 


Refer to the Crutchfield catalog 
before buying your next car stereo, 
home stereo, or video product: 


9 116 pages of helpful articles, consumer 


tips, charts, and installation guides. 

® Color photos, complete descriptions 
and technical ifications on 
hundreds of the finest brand name 
products. 


You get more value shopping 
Crutchfield: 


e Toll-free product advice, ordering, and 
customer service. 

9 24 hour shipping. 

® Absolute satisfaction guaranteed. 

® Full 30-day return privileges. 


* Discount prices on Sony, Pioneer, JVC, 


Teac, Proton, Advent, Jensen, Clarion, 
Concord, Sherwood, Canon, Infinity, 
and many more! 


Call or send this coupon now | 
for your FREE Catalog 


800-336-5566 


In Virginia call 800-552-3961 


Name 
Address Apt. # 


City State Zip 


CRUICHFIELD: 


| 1 Crutchfield Park, Dept, PS, Charlottesville VA 22906 i 
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What flips Earth's field? 


[Continued from page 74 | 


when I got together with Don Morris. 
He pointed out that small effects can 
accumulate and eventually give you 
a large net effect. If you make a cra- 
ter, for example, you move some mass 
from one place on Earth's surface to 


| another, and you could change the ro- 
| tational velocity of the outer crust by 


a small amount, and over a long pe- 
riod that change could build up. When 
we did the calculations, however, we 
found that cratering just didn't move 
enough mass to account for any such 
result." 

Then, says Muller, he remembered 
the nuclear-winter scenario—darkness 
followed by cold. Dust from the im- 
pact crater and sooty particles from 
fires would change the climate and 
launch a little ice age. If the climate 
stayed cold long enough after an im- 
pact, a sizable quantity of water in 
the form of snow and ice would be 
transferred from warm equatorial wa- 
ters to the poles. 

What would happen then? 


Spin-up and catch-up 


"Like the whirling ice skater pull- 
ing his arms in, Earth would spin 
faster," says Muller. “It was Don's con- 
tribution to recognize that over a thou- 
sand years, the spin-up accumulates, 
and that can have an important ef- 
fect on the interior. In essence, the 
crust and the mantle, which go around 
together, will get out of phase with 
the liquid core. I think of the inner 
solid core as the axle, the liquid core 
as the axle grease, and the crust and 
mantle as the rim. ЇЇ the rim spins 
up, then it takes the axle a while be- 
fore it catches up." 

In the Muller-Morris theory, this dif- 
ference in rotation rates would disrupt 
the convection flows that are the driv- 
ing force of any dynamo model. 

The result would be to turn off the 
magnetic field. It would dwindle to a 


| low value, so that whatever was left 


of the dipole would not reach the sur- 
face. And it would stay that way for 
perhaps 10,000 years, until the dy- 
namo effect could rebuild the field. 
But such a dynamo does not have a 
built-in preferred polarity, so there is 
a 50-50 chance of the field either re- 
appearing in its original orientation 
or flipping. 

“We believe," says Muller, “that at 
least half the time the field grows back 
in the same direction. Those are called 
geomagnetic excursions, and there is 
evidence that they have occurred, al- 
though they are much more difficult 


| to find than reversals. 


"The time sequence contained in our 


| theory for changes in Earth's magnetic 


field —turning off, getting low, staying 
low for a long time, then building back 


up again either in the same direction 
or the opposite one—fits just what is 
seen in the evidence of the rocks. We 
know of no other theory that can ac- 
count for this sequence." 

Muller and Morris recognize that 
impacts may not be responsible for all 
magnetic reversals. The sudden cli- 
matic change at the heart of their 
mechanism could have been caused 
by something else—violent volcanic 
eruptions, for example. But volcanoes 
would not account for a striking coin- 
cidence: the occurrence of layers of tek- 
tites just at the magnetic boundaries 
marking reversals. 


Evidence from tektites 


Tektites are small, glassy objects; 
once used as ornaments by ancient 
man, they have been found scattered 
in four widespread swaths called 
"strewnfields" both on land and in the 
sediments at the bottom of the sea. 

Most geologists now agree that tek- 
tites are the melted and resolidified 
splatters of solid material thrown out 
of the craters formed by the impact 
of large extraterrestrial bodies with 
Earth's surface, a conclusion corrobo- 
rated by the coincidence of large im- 
pact craters with three of the four 
strewnfields. Moreover, the world's 
leading expert on tektites, Bill Glass 
of the University of Delaware, has 
shown over the last two decades that 
each of these three splatterings oc- 
curred at the time of a geomagnetic 
reversal. 

"What we find most fascinating 
about the tektites," says Muller, “15 
that we didn't know about them when 
we came up with the theory. They were 
brought to our attention after our first 
report appeared. That's also when we 
learned about the Ries crater.” 

Fifteen miles wide, the Ries crater 
in southern West Germany is corre- 
lated with a tektite strewnfield in 
Czechoslovakia. The impact that cre- 
ated it is dated at 14.8 million years 
ago. “When some of the rock melted 
under the impact,” says Muller, “it re- 
corded the direction of Earth's mag- 
netic field at that time. But the first 
layer of sediment to be deposited in 
the crater proved to be of opposite po- 
larity. So a geomagnetic reversal must 
have occurred between the impact and 
the first layering of sediment, proba- 
bly within a few thousand years. The 
odds against this being mere coinci- 
dence are substantial." 

There are other coincidences to bol- 
ster the Muller-Morris scenario. To ef- 
fect the required change in Earth's 
rotation, the drop in sea level had to 
have been at least 10 meters and fairly 
sharp—inside a few hundred years. 

"When we started out, we didn't 


know whether ten-meter sea-level 
drops were common or could simply 
be ruled out,” says Muller. “We are ba- 
sically not geophysicists. But one of 
the first things we learned is that they 
are in fact quite common. The data 
have been around for a long time, 
gathered by Peter Vail. They show no 
sudden sea-level rises, just sudden, 
major sea-level drops, what you would 
get from a sudden chilling. What is 
striking for our theory is that sixty- 
five million years ago, at the time of 
the mass extinction that killed off the 
dinosaurs, we have the biggest sea- 
level drop ever recorded.” No reversal 
is recorded for this extinction. But 
Muller points out that only half of the 
impacts may have resulted in a rever- 
sal rather than an excursion. 


More coincidences 


When the known sea-level drops 
are plotted together with the rate of 
geomagnetic reversals over the last 
160 million years, as in the graph 
with this article, another striking 
coincidence emerges: a gap in both 
around 100 million years ago. There 
is a marked absence of reversals from 
about 75 million to 110 million years 
ago, a hiatus roughly similar to the 
one recorded for sea-level drops. 

Room for one more coincidence? 

“The most amazing thing we 
learned, just as we were preparing 
the final proof of our November 1986 
journal paper, was a report by R. V. 
Krishnamurthy in India. He and his 
colleagues were examining a plateau 
that was once a lake bed in the Vale 
of Kashmir, and they found very short 
periods when there were changes in 
the carbon-nitrogen ratio and the 
carbon-13 ratio, both indicators of cold 
weather. And these sudden periods of 
cold weather, within their measure- 
ment uncertainty, come precisely at 
the times of magnetic reversals [see 
graph|].” 

How has the Muller-Morris theory 
fared in the contentious scientific 
community? 

"We've had a surprisingly warm re- 
action," says Muller. “Some people are 
just skeptical about the whole busi- 
ness of periodicity. Others criticize us 
because we haven't worked out the de- 
tails of a model— we don't have a com- 
puter simulation that shows how these 
events will actually happen. But the 
physics we're discussing don't really 
depend on a detailed model... and 
we're not claiming this mechanism ac- 
counts for every reversal, although it's 
possible it does. 

“We are saying that the mechanism 
does account for a number of aston- 
ishing coincidences in the geological 
record. What else does?" 3 
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leaks in the walls. After these pre- 
liminaries, they prepared for destruc- 
tion time: pressurization to failure. 

For this apocalyptic undertaking, 
the engineers again holed up in the 
bunker. “We had shifts going on round 
the clock because you never knew 
when the thing was going to go off,” 
says Horschel. “We were having our 
monsoon season, so we constantly 
worried about thunderstorms and in- 
strumentation getting wiped out by 
lightning.” As the pressure was grad- 
ually increased, remote-controlled in- 
struments moved around the surface, 
| girdling the structure horizontally 
with bicycle-wheeled mounts carrying 
video cameras and vertically with ro- 
botic arms electronically calibrating 
deformation of the reinforced concrete. 
Strategically placed interior micro- 
phones linked up to data recorders lis- 
tened for the characteristic rushing 
noise that would signal cracking of the 
liner. Some 250 strain gauges attached 
to the steel reinforcing bars measured 
the stresses the bars were experienc- 
ing, and hundreds of sensors, some 
built into the concrete, recorded what 
was happening to the structure inside 
and out. Meanwhile, outside the con- 
tainment building safety observers 
were stationed on hills both north and 
south of the building, making sure no 
one approached the building. 


Failure to contain 


Early on the afternoon of July 29, 
pressure inside the structure crept 
past the 46-psi design goal and con- 
tinued upward all night and through- 
out the next day. By nightfall on July 
| 30, it had soared to an incredible 138 
psi. Suddenly, at 145 psi, a thin 22- 
inch tear appeared in the steel liner. 
For the bunkered engineers the first 
sign of the rupture was an eerie lev- 
eling off of pressure. Though pump- 
ing continued, nitrogen was escaping 
and the pressure would rise no fur- 
ther. But for the hilltop safety engi- 
neers, the signal of failure was a loud 
roaring noise like a sonic shock wave, 
as pressurized gas rushed through the 
ripped liner. 

The various computer programs 
being tested had predicted failure at 
pressures somewhere between 130 
and 190 psi. The structure had with- 
stood a pressure of 145 psi, more than 
triple its design pressure, and much 
greater than that to which any reac- 
tor containment building had ever 
been subjected in the worst of acci- 
dents worldwide. Analysis of the data 
will continue for years, but for now 
Sandia scientists are relieved that 
their experimental results so closely 
mirrored predictions from their com- 
puter models. 
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Prices Good 


Activates light when 

А movement is detected. 
Agtronic List $109.95 | 
4000 Watt #16272 $45.95 
Generators ips 
33 Amps 120 V, 16.6 ` ; 
Amps @ 240 V. О-ке) 
List $1,009.00 А ا‎ 
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Recoil $399.00 €— 
с $459.00 
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Skilsaw^ 7/4" 

Circular Saw 

Powerful 13 amp MO- Z,,, | 
tor. 5400 RPM no- "S. ^ 
load speed. Heavy Ged €; i 

duty ball and roller ^ "we 
bearings. FREE 24 a 
tooth carbide-tipped 
blade. Model 5656. 
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#1047 $99.95 
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| Т Barrel 
not included 


Barrel Stove Kit 
Converts 55 or 30 
gallon drums to a 


wood burning stove. 
List $49.95 : #1534 $239.95 
#15056 518.95 Ship. & hand. not included | 
^ Northern 
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SK БАИ. 


Jn 


Ryobi” 81/4” 
Bench Top 


Radial Arm Saw 
Specs: 11 AMP 2 HP 
motor, blade RPM's 
5000. Accessory spin- 
die 18,500 RPM's 

max. crosscut 1534", | 
max. ripcut 1734", ta- 
ble size: 20%"җх 27V". | 
Model #RA 200. 

List $439.00 


ORDER TOLL FREE 
1-800-533-5545 


In MN (612) 894-8310 
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| Super-VHS VCRs 


[Continued from page 70| 


puts from the S-VHS VCR create a 
problem: Where do you plug them in? 


А new TV? 


"To accept the separate video sig- 
nals, your TV must be equipped with 
a special connector," says Stan Ham- 
etz, vice president and general man- 
ager of the VHS division at Panasonic 
Co. "It's called a Y/C, or S, connector." 

The Y/C connector (the *Y" and "C" 
are engineering shorthand for lumi- 
nance and color) contains four pins, 
and plugs directly into newly designed 
monitors such as JVC's AV-20578, 
Panasonics CTJ-2790R, Sharp's 
20MV97, and Zenith’s Digital System 
3. (Prices vary, but generally they are 
in line with conventional high-quality 
monitors: $800 and more.) 

Your TV doesn’t have a Y/C connec- 
tor? Most dont. For those, the S-VHS 
decks also contain the standard com- 
posite video and RF outputs... and 
push a TV or monitor to its limits. 
For example, attach the composite 
video output to a high-quality moni- 
tor, and you'll see up to 350 lines of 
resolution. That’s good, but it’s not the 
400 or more lines you'd see on a Y/C- 
equipped model. 

Attaching an S-VHS deck to a con- 
ventional TV through the lower-qual- 
ity RF antenna terminals is a bit 
like connecting a premium hi-fi to a 
kitchen radio. “You won't see the ad- 
ditional lines of resolution with a reg- 
ular TV,” says Fred Aclander of Sharp 
Electronics Corp. “You just can’t.” 
Aclander isn't thrilled about using a 
standard monitor, either. “The picture 
might be a little improved,” he says, 
“but it’s not going to shock you.” 

Manufacturers don't seem too wor- 
ried that consumers will shy away 
from a system that might require a 
complete overhaul of their video equip- 
ment. Says Panasonic’s Hametz, “Peo- 
ple who have a serious interest in 
Super-VHS will also give serious con- 
sideration to the compatibility of the 
monitor.” 

To capture the higher frequencies 
used in an S-VHS recording, new co- 
balt-doped ferric-oxide tape has been 
created by 3M, Fuji, Maxell, and TDK. 
Cassette price? A hefty $20 each. 

The new cassettes look like the old 
ones and can even be used in conven- 
tional VCRs. (In conventional VCRs, 
the new tape won't give any better 
pictures than standard tape, how- 
ever.) There is one physical difference, 


| though: a small hole in the bottom of 
the cassette. 


The hole is detected by an S-VHS 
recorder (disregarded by a conven- 
tional VCR) and signals the machine 


| that an S-VHS tape is in use. If no 


hole is detected (with a standard tape), 


the machine switches to the standard 
VHS mode. 

That lets the S-VHS machines play 
or record in standard VHS format, 
so tapes can still be swapped with 
friends. However, a tape recorded in 
the S-VHS mode will only produce 
"snow" on the screen if played on a 
standard VHS deck. Reason: The older 
deck is looking for a video signal re- 
corded at the usual 3.4-megahertz 
location. 

The S-VHS tape comes in full size 
or the smaller C-size for super cam- 
corders, which VCR manufacturers be- 
lieve could help make the new tape 
standard a success. 

"There is more excitement about the 
Super-VHS camcorders than the deck 
models," says Ralph Palaia of North 
American Philips Consumer Electron- 
ics Corp., maker of Magnavox models. 


Professional quality 


At the moment, the best consumer 
use for S-VHS is for home movies. The 
400-or-more-line resolution makes 
your videotapes as high in technical 
quality as those of professional on-the- 
road news crews. "Super-VHS cam- 
corders, especially in the compact 
VHS-C format, will lead the market," 
says Palaia. 

Backyard-satellite-dish owners can 
also use S-VHS. On a good satellite 
system, picture resolution is in excess 
of 350 lines—and every bit can be cap- 
tured on the recorder. Videodisc own- 
ers can use S-VHS for copying discs, 
too. 

For now, over-the-air broadcast TV 
and cable TV will be helped the least 
by S-VHS. The picture will look bet- 
ter than it would have from a stan- 
dard VHS machine, but the quality 
of the original picture—about 330 
lines—is the limiting factor. 

While S-VHS is also ready for fu- 
ture high-definition-TV broadcasts, 
high-quality cable systems, and pre- 
recorded S-VHS movies, most indus- 
try watchers believe the price must 
drop before it is widely accepted. 
When will that happen? Nobody 
knows for sure, but some, like Sharp's 
Aclander, offer hope: 

"The first CD player cost $1,000," he 
says, "and so did the first VCR. Just 
look at them now.” 


MANUFACTURERS OF S-VHS VCRs AND CAMCORDERS 
Hitachi Denshi, 175 Crossways Park W., Woodbury NY 
11797; JVC Co. of America, 41 Slater Dr., Elmwood Park 
NJ 07407; Magnavox, 1-40 & Straw Plains Pike, Knoxville 
TN 37914-1810; Mitsubishi Electric Sales America, Inc., 
5757 Plaza Dr., Cypress CA 90630; Panasonic Co., 1 
Panasonic Way, Secaucus NJ 07094; Quasar Co., 1325 Pratt 
Blvd., Elk Grove Village IL 60007; RCA Consumer Electron- 
ics Business, 600 N. Sherman Dr., Indianapolis IN 46201; 
Sharp Electronics Corp., Sharp Plaza, Mahwah NJ 07430; 
Zenith Electronics Corp., 1000 N. Milwaukee Ave., Glen- 
view IL 60026 


Metals that remember 
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Innovative Technology International, 
Inc. (ITD, in Beltsville, Md., has stud- 
led such power plants. "In general," 
he says, "most SMA engines are too 
complex; there is no easy way to in- 
crease their power output, and they 
splash a lot of water around. In addi- 
tion, manufacturing a fatigue-resist- 
ant shape-memory wire is difficult." 

Wang thinks he has overcome these 
problems. He's demonstrated 40-watt 
SMA engines with internal hot-water 
reservoirs. He hopes to use larger ver- 
sions of the design for solar-powered 
attic fans or swimming-pool water- 
circulation systems. 


Shape-memory medicine 


In dentistry, the use of shape-mem- 
ory orthodontic arch wires is common. 
They provide a constant, comfortable 
force to straighten teeth, and don't 
need to be adjusted as frequently as 
arch wires of previous metals. 

Krumme says Beta Phase has re- 
cently begun to sell SMArtClamp, a 
compact battery-operated intravenous 
drug-delivery device that meters out 
fluid under SMA power. It would be 
able to deliver small, precisely me- 
tered doses more accurately and with 
less power consumption than the de- 
vices used today. SMArtClamps will 
be marketed by AVI Inc./3M Corp, 
which is based in St. Paul, Minn. Beta 
Phase is also working on "small im- 
plantable drug devices that would 
allow patient-controlled analgesia, for 
instance," Krumme reports. 

Catheter Research Corp., a small re- 
search firm in Zionsville, Ind., is now 
seeking FDA approval to test a "steer- 
able" catheter for the placement of 
medical microinstruments, such as op- 
tical devices, in blood vessels. The elec- 
tronically controlled tip of the catheter 
is made of nitinol supplied by ITI. 

А Braille (tactile) microcomputer- 
screen readout board designed to allow 
blind persons to edit text with word- 
processing programs is the goal of 
David Johnson, president of TiNi AI- 
loys Co., headquartered in Berkeley, 
Calif. Johnson has received a National 
Institutes of Health grant to develop 
the systems. Each character space will 
have six SMA-actuated pins that rise 
and fall under electronic control to cre- 
ate the dots that form Braille alpha- 
bet characters. 


MANUFACTURERS OF SMA DEMONSTRATION KITS 

Most shape-memory-alloy work is underway in industrial lab- 
oratories. But if you'd like to experiment or see how they 
work, SMA demonstration kits are available from the 
following sources: 

Innovative Technology International, Inc., 10747-3 Tucker 
st., Beltsville MD 20705 (one-foot length of 12-mil nitinol 
wire for $3); Memory Metals Inc., 84 W. Park PI., Stamford 
CT (five feet of 0.02-inch nickel-titanium wire, four SMA 
brass springs, and instructions for $95); TiNi Alloys Co., 
Box 1431, Lafayette CA 94549 (one-inch-long, 50-mil thick 
nickel-titanium wire and instruction booklet for $3) 
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ENERGY ARSENAL WINDOW INSULATING SYSTEMS . ... 


Stop Window Heat Loss Even y ии Interlocking Fastening 
If You Have Storm Windows! y System 
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cold air infiltration and prevents excessive heat to 4 mills thick. Comes with а 
loss for less cost than window systems that cost | foam self adhesive attached | 
| many times more. By creating an insulating m io bottom portion. Installs on 
pocket of air, you can keep your living and К 1/2" — trim or frame and can also be | 
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2 Enlarge Project Designs 
Craft Projector is Simple! Fast! Accurate! 


Projects on to: Drawing, Graph & Tracing Paper, Wood, 
— Omer Surfaces. 


Assemble this MAGNATRAC, Bulldozer KIT ! 
Thousands sold for excavating, gardening, log- 
ging, landscaping. Work for others for CASH! 
® CATALOG-Kit construction &uses....$1.00 
Ф KIT ASSEMBLY MANUAL See Kit compo- 
nents & full assembly details................. $7.00 
STRUCK-KIT • Вох 307 • Dept: PS18 
Cedarburg, Wisconsin 53012 


Picture to be enlarged is | 
placed at image opening 
at of projector. 
Adjustable lens enlarges by fractions up to 27 v; times for 
the size you wish! Copy unlimited ideas for craft designs. 
Enlarge patterns, designs, portraits, still lifes, landscapes, 
photos, slides, designs on coins and jewelry. Projects in 
exact colors. Does not damage original. Simple instruc- 
lions. Uses household current and 60 watt bulb. Send 
$19.95 plus $2.95 shipping. 30 day money back guarantee. 
Norton, Dept. GT-160, Box 2012, New Rochelle, М.Ү. 10802 
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MUST SELL 
МСЕ CORDLESS PHONE 
AT HUGE SAVINGS! 


PUBLIC NOTICE | 


C.O.M.B. authorized NB и 
toliquidate MCE cord- i ae 
less phones at BIG і 3 
savings, due to an 

inventory adjustment. 


Factory New! + E E 


Mobile Communicator! Now make and 
receive calls just about anywhere...in your 
home, from the garage, yard, or down the 
street...with this handy MCE Cordless 
Phone. It has new 46/49 frequencies for 
better sound and greater range. Stylish 2- 
tone design: Silver- tone with black trim for 
any decor. Take advantage of the BIG 
savings. Order the sleek MCE today for 
cordless convenience! 

e Speakerphone! Built-in speaker allows 

for "hands-free" conversation. 


e Memory! Store up to 10 phone numbers | 


for easy 2-button speed dialing. 

€ Last Number Redial! Push one button 
for automatic redial of last number called. 

€ Intercom! For convenient 2- way base/ 
handset conversations. 

€ Long Range! Up to 1500-ft. (May vary 
due to environmental conditions.) 

€ Tone/Pulse Switchable! Can access 
long distance services. FCC registered. 

® Rechargeable! Just place handset in 

| base cradle. 
® Compact! 3?4"H x 6/2 W x 9v?"D. 


90-Day Ltd. Factory Warranty. 


Mfr. List Price $159.95 


OUT-THEY-GO-AT-ONLY: 


Item H-3114-7238-322 S/H: $5.00 ea. 


Plus 50€ Insurance Charge Per Order. 


` Credit card customers can order by 
phone, 24 hours a day, 7 days a week. 
Toll-Free: 1-800-328-0609 
8S ШШ Е ШШ шыш шыш шыш шыш пш шыш | 
' SEND TO: 


Î GONE Authorized Liquidator 
Í 1405 Xenium Lane N/ Minneapolis, MN 55441-4494 


$99 each, plus $5 each for ship, handling. Plus 50¢ ins. 
| charge per order. (Minnesota residents add 6% sales tax. 
Sorry. no C.O.D. orders.) 


| О My check or money order is enclosed. (No delays in 
processing orders paid by check.) 


PLEASE EE TI 
| ^x OZ О О а UE 
і Acct Мо TE ДИР 


i PLEASE PRINT CLEARLY 


| Name 
g Address Apt # 
ل‎ ‘ħi 
State . ШЕ ———_ 
| ا و‎ Ř 
Sign Here 


jg Send... МСЕ Cordless Phone(s) Item H-3114-7238-322 at g 


116 | POPULAR SCIENCE 


Lead-free water [Continued from page 90) 


There are others. As with tin-lead and 
tin-antimony, all can be sweated with 
an ordinary propane torch. The cor- 
rect soldering flux is required, often 
being packaged with the solder. Silver- 
bearing solder costs 30 to 50 percent 
more than tin-antimony solder. Both 
kinds of lead-free solder produce joints 
that exceed the rated pressure on cop- 
per tubing. 

Rather than sweating joints with 
lead-free solder, you can assemble 
copper-tubing joints using epoxy resin. 
No flame is required. A personal-use 
report on the brand shown in our photo 
appears on this page. 


Plastic fittings 


Instead of using standard sweat- 


| type fittings you can replace them 
| with an easier-working kind of fitting. 


The simplest replacements to install 
are mechanically coupled plastic 


| fittings. There are several brands, 


all made for use with polybutylene, 
or PB, tubing, and some will work 
with copper tubing as well. Just be 
sure you get fittings made of chlor- 
inated polyvinyl chloride, or CPVC. 

CPVC fittings are large enough 
that the old sweat-soldered fittings 
can often be sawed out, clear of any 
solder deposits. Make the tube ends 
square and free of burrs, lubricating 
them with a little petroleum jelly. 


Glue up lead-free water lines 


In anticipation of the report in this 
month’s issue on how to ensure lead- 
free drinking water in your home, I 
put Copper-Bond Epoxy Adhesive to 


| a truly critical test: The hot-water line 
| in a tight corner of my utility room 


had to be shifted several inches to pro- 


| vide clearance for a new freezer that 


was wider than the one it replaced. 
With a plastic drainpipe close by, I was 
reluctant to use a torch in so crowded 
a space. And since the supply lines 
passed into an unheated space under 
the floor, both were already "traced" 
with Frostex heat tape, which I was 
reluctant to remove. (It's the blue band 
in the photo with the article *Lead- 
Free Water" in this issue.) It seemed 
an ideal application for the new epoxy, 
marketed as a replacement for solder 
in the installation of water lines. 
After turning off all main valves 
and draining the line, I hacksawed 
through the tube at floor level to in- 
sert two copper elbows and a nipple 
that would move the line to the left, 


| as shown in that photo. 


Push the tubes full-depth into the fit- 
ting. It's a good idea to mark the tubes 
at proper depth for full insertion to 
indicate when the tube has entered 
all the way into the fitting. Tighten- 
ing the fitting's collar completes the 
joint. CPVC fittings are available in 
both v2- and 34-inch copper-tubing sizes 
in couplings, 90-degree elbows, and 
tees. The water-supply system need 
not be drained for this kind of fitting 
replacement. 

With more effort, sweat fittings can 
be replaced with brass fittings in com- 
pression or flared. These may be had 
as couplings, 90-degree elbows, and 
tees. Compression fittings are easier 
to handle than flared, which require 
the use of a flaring tool. 

If you extend your home water- 
supply plumbing, you'll want to do it 
without lead soldering. The easiest 
and cheapest way is to use plastic 
hot-and-cold tubings and fittings. 
Choose flexible PB, rigid CPVC, or 
a combination of the two. Mechani- 
cally coupled PB tubing is the easiest 
method; solvent-welded CPVC makes 
the best-looking job; a combination 
lets you use either a flexible or a 
rigid tube. Not limiting you to PB 
only, mechanically coupled CPVC fit- 
tings will work on all four kinds of 
water-supply tubing: flexible copper, 
rigid copper, CPVC, and PB. 


The two-part epoxy is automatically 
dispensed in the proper proportion 
when you press on yoked plungers. 
Resin and hardener mix quickly to a 
creamy consistency that's simple to 
apply to both pipe and fitting. You just 
spread the mix on with a flat stick—a 
heavy film on the outside of the tub- 
ing and a light film on the inside of 
the fitting. When you slip the parts 
together, the adhesive beads up at the 
outside of the joint and cures in 20 
minutes. Once you flush the system 
by opening the valve and a faucet, the 
line is ready for normal service. 

"Normal" in my case means the line 
is often heated both inside and out: It 
feeds a dishwasher, so it carries water 
at 140 degrees; and when water isn't 
flowing in midwinter, the heat-trace 
comes on to prevent freezing. After 
a full year's service through seasonal 
extremes of expansion and contrac- 
tion, there's been no sign of a leak. 
Copper-Bond Epoxy is made by Marsh 
Laboratories (2437 Waverly Ave., 
Pittsburgh, Pa. 15218).—Al Lees 


Shoppers’ Showcase mmm | 


A selection of products and services for POPULAR SCIENCE readers avail- 
able direct by mail. Enjoy the fun and convenience of mail ordering 
shopping. Please order directly from the advertiser. For advertising rates 


for this section, write Advertising Sales, Popular Science, 380 Madi- 
son Avenue, New York, N.Y. 10017 


— = = —À e 


FREE GIFT! : 


Free 6-pc. steak knife set with your order. This steak knife. gy 
set features: wood handles. 3-brass rivets, full-tang 

stainless steel blades: А $63°° value. FREE WITH YOUR 
ORDER! Just ask your order operator. or check box on 

order form. (while supplies last) 


COST! 


METAL 
BRINKMANN DETECTOR 


Aye Maties!! This 
metal detector accu- 
rately guides you to 
valuable buried 
treasures of gold, 
silver, copper, coins, 
jewelry, and many 
other valuable 
artifacts made of 
metal. 


PUBLIC NOTICE 
SFI, manufacturer of 
high-end audio equip- 
ment recently halted 
North American Produc- 
tion do to the dollar/yen 

| trading volatility! As a 
result, we can offer tham 
to you at FAR BELOW 

| DEALER COST! 


E Г ULTRA HIGH TECH 
ье, SPEAKER SYSTEM 


These high- tach, state-of-the-art speakers enable 
you to leap into the future of sound! These 
beautifully crafted speakers enhance the sound as 
well as the beauty of your home! Only 2" Deep! 


PUBLIC NOTICE 
Brinkman, manufacturer of 
nigh-end metal detectors 
made this Treasure Sen 
sor 5000 for a major na 
tonal retailer but needs to 
decrease their overstock 
AS a result. we can offer 
them to you at A FIND OF 
A CENTURY! 


FACTORY NEW! 
FACTORY PERFECT! 
EXCLUSIVE 


FLAT WAVE 
TRANSDUCER 


TECHNOLOGY 


Pair Only 


Manufacturer's 
Suggested Retail 
$1800.00/Pr. 


DAMARK PRICE: 


'688. 


Order Mà. B-510-101154 
Insured Ship/Hand.: $45.00/Pr 


UNITRO 


Manufacturer's 
Suggested Retail 
$249.95 


DAMARK PRICE: 


/ 


> 


FEATURES: 


* Discnminates “trash” trom 
treasure 

* B8" Search coil 
Waterproof search co 


ZOOM 


PUBLIC NOTICE 


Due to manufacturer's 


FEATURES: 

* Beautifully-cratted design 

* Full Hange Frequency 
Response, 30 to 20,000 Hz 


SEIK 


· Powered by 9-volt battery (not included) 
a Weighs only 3 Ibs., 3. oz 


* Telescoping shaft 


'98 


‘input, Max: 120W, Rated: 40W 
: SYSTEM DRIVER, LOW: 8 DP-12 
* Dimensions: 36"Hx30" Wx2"D 


WATCH/PC 
TERMINAL 


B-510-101626 
$6.00 


Order Мо 
Insured Ship/Hand 


LE BLACKS DECKER 
AIRLESS SPRAY PAINTER Ш NOTICE 


Black & Decker. the mast 


PUBLIC NOTICE 


| Seiko, a leading manu 


facturer of watches, da- 
cided to liquidate this 
high tech model, As a 


|resultwe can affer them 
to you at a LOW, LOW 


‘SPOTTING SCOPE 


overstock of this hine 
Unitron zoom spotting 
scope, we are able to 
bring you this 
offer at OUT-OF- 
THIS-WORLD 
SAVINGS! 


unique [| 


trusted name in power 


equipment, i& Нашат 


19 


remaining stock of this 


these fi 
and can oz 


at FAR. FAR 


model. We've purchased 
ne paint sprayers 
them to you 


E 


BELOW 


| 1 
LIQUIDATION PRICE! DEALER COST! 


FACTORY NEW! 
FACTORY PERFECT! 


Make Your Job 
Easy With This 


| T. Pm MEX c ун E State-of-the-Art — | 
Zoom in on your favorite subject with this Heavy Duty Airless | 


versatile, variable power zoom spotting scope 4 |a Saint Sueavar | 
from Unitron. | 


This heavy duty sprayer sprays almo 


FACTORY NEW! 
FACTORY PERFECT! 


This VU Aca Watch Interfaces With 
Your PC Allowing You to Carry Important 
Information Wherever You Go -- Right At 


; А evan bu | TUE T M RETE т at any liquid; paints, stains, even 
Your Fin erti 6! Manufacturer's Simply twist tne zoom coniro! and evenite most distant objects can бе seer ; ea ERT ru ei i SES EL ire err CUM 
g 4 S tad Бе Я | 12 to 40 times closer, Perfect for those hard-to-see objects in the distance. [i "9/75^es' sprays ow suriaces with ease, but flexibile enough to do 
EET | $150 m Sleek and streamline styling allows for tough jobs like wicker furniture and heavily textured surfaces 
t »-Functiaons: Ime А = LINH г br stel ume + "m d 
3 bets D t M easy ропаоніу 10 both outdoor and in- Manufacturer's х Manufacturer's 
dengar, Lata епт, door use. A MUST for hunters, bird watch c | Retail FEATURES: | e T 
Schedule Alarm, M DAMARK PRICE: | uggested Retai Suggested Retail 
IENE Рат, түшөлү : ers, or urban observers $175.00 * Sprays ail Dase and water 
Alarm, World Time . $135.95 


base painis. 
* Powerul ВБ watt mator 
* Full 1 quart capacity 
*Long 6 ft. Cord Set 
* Ceramic metal piston and 


$ 4 8 | FEATURES: 
| = Power: 12-40X 
| * Bnght 40mm fully coated lens 
IBM) Order No. B-510-100883 | e 13-24" extension tripod 
(Comm) Order No. B-510-100891 * Weight: 34 oz 


«Includes RS232C cable 
for simple hookup 

* 2K HAM memory stores 
phone numbers 
appointment times, key 


DAMARK PRICE: 


'68 


DAMARK PRICE: 


'58 


ceramic cy inger 


dates -- any kindof (Apple ПЕ) Order No. В-510-100909 + Packaged in gift box s ү 
information! ie JC] Orde No В-510-100917 + 25 YEAR FACTORY WARRANTY! Оте No B-510-101642 WARRANTY! oat E ERO ЫЧ 
Insured Ship/Hand.: $5.00 nsured Ship/Hand.: $5.00 сж insured Ship Hand : $5.00 


| ти иш ш иш кш иш ишш шшш rr иш иш иш иш иш иш шшш 
PRODUCT 


Brinkman Meta Detector —[a-s10-101626 | — 

Беко WatcvPC (comm | B81010080 | — 5 
m | 
= 
= 


WE Па) 
ITEM NO. 


FOR FASTEST SERVICE 


mm 


CALL TOLL FREE 
1-800-533-3379 


Seiko WaichiPC ‘Apple IICjÎ B-510-100917 | 


NAME potting Sc 
ADDRESS 
CITY ST. FIP шпишшпшпнишишшишиши шн 
РНОМЕ E CHECK HERE FOR FREE GIFT a in MN add 6% sales 
ڪڪ‎ ———— ——sm—À——tn(tüÍÓ€ | WITH YOUR FIRST ORDER 
Г] CHECK/MONEY ORDER VON NON NUR ee, VEM 


DELIVERY TO 48 U.S. STATES ONLY 
CORPORATE OFFICE (612) 550-5415 


Lj VISA LJ] MASTERCARD CARD NO | EXP. рАТЕ_ 
Send To: DAMARK INTERNATIONAL, INC., 7714 Brooklyn Blvd., Minneapolis, MN 55443 , 
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- mer FACTORY DIRECT | 
[clocks S» FURNITURE 


| $10 


сенетин алан E Sa T E - 


Ж dec 


| lam interested in 


| Name. 

| O Do-It-Yourself Kits ik 
O Finished Clocks street 
[] Finished Furniture City 


Buy Direct at 
Factory Wholesale Prices | 


Viet Nam Jungle Boot 


Top quality leather, rubber sole & heel vulcanized to 
canvas upper. Steel reinforced sole — Nylon webbing on 
sides & top. Steel shank — Leather inner sole. Color OD 
Green. Available in D width only 


Order No. Size 


$29 95 List Price 


$19.95 


Our Price 


Add $3.00 for shipping and handling. Add 52.00 for 
camouflage boots. Wholesale Catalog FREE with order 
featuring hundreds of quality, survival and sporting 
goods items. 


Call TOLL FREE 1-800-662-BEAR for C O D . Mas- 
terCard & Visa Send number & expiration date. In 
Georgia call 1-800-521-BEAR 


Bear Sports, Inc. 
Dept. PS18 * P.O. Box 22 
Thomasville, Georgia 31799 


e Grandfather Clocks 

e Mantel and Wall Clocks 

e Accent Furniture: 
Curio Cabinets, Chests, 
Tables, Chairs, Desks, 
Secretaries...and more! 

€ Solid 3/4" hardwoods: cue: 
black walnut, cherry, oak 

è Heirloom quality 

e Solid brass West 
German chiming clock 
movements and dials 

B e No woodworking 

mE BE experience necessary 


SEND $1 FOR 
40-PAGE 
FULL-COLOR CATALOG 


$5 EMPEROR 


OFF INITIAL 
PURCHASE * 


Do-It-Yourself Kits or Completely Assembled and Finished 


e Money back guarantee 
KIT PRICES STARTING AT 


$8950 


*Minimum Order $99.00 


М, 
к= 7 
кы 
ELT. 
за 
"b А, 


CLOCK COMPANY 


WORLD'S LARGEST MANUFACTURER OF GRANDFATHER CLOCK KITS 
Dept. CP-2618, Emperor Industrial Park € Fairhope, Alabama 36532 € Phone 1-205-928-2316 


State /— Zip 


(PLEASE PRINT) 


FREE 
Tool 
Catalog 


Quality 
oU CN Products For 
^ "wu. 4» Woodworkers 


Send today for your FREE copy of our 
. It's fully illustrated 


new colorful catalo 
with the finest quality tools, supplies, 
books, components, hardware and much more. 
Satisfaction Guaranteed. 

Write today for a FREE catalog. 


W@DCRAFT SUPPLY CORP. 


Dept. PS18 
41 Atlantic Ave., Box 4000 
Woburn, MA 01888 


2 Speed Microcassette 
Recorder а | 


| ITEM 1-1206 


$39.99 


Includes 5hpg. FUE _ 


* Reconditioned GE. Compact, convenient, fits in the 
pem of your hand. Perfect for personal dictation, 
eeping track of important things to do, taping lec- 
tures, ат, Fast forwardlrewind, epis 
microphone power converter, earphone j 
Uses microcassettes and 2 AA batteries (not includ- 


ed). 1 Year Warranty. Size 2*/," x 1" x 54. 
CALL 800-228-3407 
Burden's Surplus Center 
1015 West "O" + Р.О. Box 82209-PS * Lincoln, NE 68501-2209 


Ask For Free Cataloq! 


SMALL ENGINES 
, Generators, Troy-Bilt tillers, 
Snowmobile parts, and тоге. 


FREE CATALOG 


DISCOUNT PRICES 


SMALL iN 

2612 Lyndale So., Dept. PS1 

Мр. MN. 55408 612/872-4288 
1-800-645-4488 


32 Ways to Help 
You Qualify for 
the Job You Want 


Get Your Specialized Associate Degree in 
Business or Technology or a Career Diploma 


Now without attending school or college, without any 
previous experience, you can train for a money-making 
career...even get a Degree or Career Diploma. Send for 
free facts about the exciting career program that inter- 
ests you most. You will receive color brochure and 
information on employment opportunities in the field 
you choose. Mail coupon today and see how easy it is 
to train at home for a great new career or advancement 
оп your present job. SEND FOR FREE FACTS! 


S International Correspondence Schools 
| since 1891 | Dept. PCS18 , Scranton, РА 18515 | 


Send free facts on how | can study at home for the 
career | have chosen. No obli ligation aton, yo salesman will | 
visit те. CHECK ONE BO 


ASSOCIATE IN SPECIALIZED кы IN SPECIALIZED | 
BUSINESS DEGREE PROGRAMS TECHNOLOGY DEGREE PROGRAMS 
C Business Management ! Mechanical Engineering 
|. © Account _ Technology м | 
C Business Management M] Civil Engineering Technology © 
with option in Finance C Electrical Engineering 
C Business Management echnology | 
with option in Marketing Г Electronics Technology 
CAREER EEN e m | 
0 Computer Programming 
C High School = Smal Business Management | 
C Catering/Gourmet Cooking _] Wildlife/Forestry Conservation 
| a C Microcomputer Repair -] Diesel Mechanics 
| | C Auto Mechanics Ное Repair | 
C] Bookkeeping E ا‎ у aer R 
C Hotel/Restaurant Management LJ: Surveying & TP 
Н C Drafting ITY epair | 
C Air Conditioning & Refrigeration C Veterinary Assistant 
Г] АК 5 Travel Agent 
cian [ ] Photograp 
" Бес Scandi » Journalism/Short Story Writing 
NAME АВЕ | 
| | ADORESS PT. # | 
ИТҮЛТАТЕ АР. 


[none _ ا‎ [ 
of National Education oration 


"CABLE TV 
EQUIPMENT 


жк 44 STARRING HK +K + 
JERROLD, HAMLIN, OAK 


AND OTHER FAMOUS MANUFACTURERS 


= FINEST WARRANTY PROGRAM AVAILABLE 
= LOWEST RETAIL WHOLESALE PRICES IN LES 
= ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 


FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-716-5914 


PACIFIC CABLE CO. INC. 
71325", RESEDA BLVD.. DEPT 1415 
RESEDA, СА 91335 
T a 


What Is He Doing? 2. 


A 4 » li 
He's making a concrete flower к 5 AN 


pot. . . and so can YOU! € 


Make and sell your own 
ornamental concrete items. 
Order your book with over 
425 aluminum molds, prices 
and production trade secrets 
from world's largest mold 
manufacturer. 


CONCRETE MACHINERY CO., IN 


= 


P.O. Box 5-99 Hickory, NC 28603 


RIC 
NON. FIRING MODEL GUNS.. 
Safe! Full size. к al Realistic ta 
[| Over 30 parts. Cannot c ` 
real ammo. Assembled. FREE Catalog. re м1911 Ж 


Woodsy Owl for 
Clean Water 


Give a hoot. 
Don't pollute. 


Forest Service, U.S.D. A. GS 


Geodesic Home 
Kits. 
Beautiful, Efficient, 
Affordable. 


Monterey Domes sells home kits for less than 
many new home down payments. Completely 
alfordable...remarkably beautiful...our homes are 
designed for a lifetime of savings. 

The most eneray efficient homes on earth...up 
to 50% more than everyday homes. In addition, 
construction costs are cut dramatically using our 
patented building system. 


Discover Monterey Domes living with our 98 
page Color Catalog and Plans Book. ORDER 
TODAY for just $7.00. Unconditionally 
Guaranteed or your Money Back! 


O Please rush my 98 page copy of Monterey Domes 
Catalog and Plans Book. Enclosed is $7.00. 

O Also please send me the Monterey Domes Basic 
Dome Assembly Manual for an additional $5.00. 
Order by Credit Card. Call 800-634-2255 

(In Calif. 800-847-4663) 


| Мате = 

Address 

| Ciy Mate Zip Re 
| Sendto: MONTEREY DOMES 

| Dept. AR-1 

1760 Chicago Ave. 

| Riverside, Calif. 92517 


Е 
FAN ACXYN 
MONTEREY DOMES 
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service and repair ^ 


BEAT LATION! Work part time, full time right at home- we help you every step of the way. 


In just a short time, you can be ready to join 
one of the fastest growing industries in America 
‚.. an industry where qualified men are making 
from $25.00 to $30.00 per hour... and that's just 
for labor. Parts, engines and accessories add even 
more to the profits. Because the small en- 
gine industry has grown so 
quickly, an acute shortage of 
qualified Small Engine Pro- 
fessionals exists throughout 
the country. When you see 
how many small engines are 
in use today, it's easy to 
understand why qualified 
men command such high 
prices — as much as $49.95 
for a simple tune-up that 
takes less than an hour. 


65-million small engines 
are in service today! 

That's right — there are over sixty-five million 
2-cycle and 4-cycle small engines in service 
across the U.S.A. That's the official count from 
the Engine Service Assn., and new engines are 
being built at a rate of one-million per month! 
With fully accredited and approved Foley-Bel- 
saw training, you can soon have the skill and 
knowledge to make top money servicing these 
engines. Homeowners and businessmen will 
seek you out and pay you well to service and re- 
pair their lawnmowers, tillers, edgers, power 
rakes, garden tractors, chain saws, mini-bikes, 
go-carts, snowmobiles... the list is almost 
endless. 


| You get all this Professional equipment with 


your course, PLUS 4 Н.Р. Engine.... ALL 
All at NO EXTRA COST. 


Learn At Home In Your Spare Time. E 


` FOLEY-BELSAW INSTITUTE 
6301 Equitable Ad.. Dept. 51341 
Kansas City, Mo. 64120 

O YES, please send me the FREE booklet that 

gives full details about starting my own business in 
Small Engine Repair. | understand there is no obligation 
and that no salesman will call. 


NAME 


CITY 


| E STATE 


No experience necessary. 

You don’t need to be a ‘born mechanic’ or have 
prior experience. If you can read, you can master 
this profitable trade right at home, in your spare- 
time, without missing a single paycheck. Lessons 


are fully illustrated — so clear you can't go wrong. 


We guide you every step 
of the way, including tested 
and proven instructions on 
how to get business, what 
to charge, how to get free 
advertising, where to get 
supplies wholesale . . . all 
the "tricks of the trade’... 
all the inside facts you 
need to assure success right 
from the start. 


INCREASED INCOME 


"I've had about 8 
years experience re- 
pairing small en- 
gines... but repairs 
were only minor... 
until I started the 
Foley-Belsaw Course." 


Walter H. Strick 
Campbell, California 


With our famous ‘learn-by-doing’ training 
method, you get actual ‘hands-on’ experience 
with specialized tools and equipment you'll re- 
ceive with your training, plus a brand-new 4HP 
engine—all yours to keep. 


Send Today for FREE facts! 

You risk nothing by accepting this offer to find 
out how Foley-Belsaw training can give you the 
skills you need to increase your income in a 
high-profit, recession-proof business of your 
own, 

Just fill in and mail coupon below (or send post- 
card) to receive full information and details by 


return mail. DO IT TODAY! 


FOLEY-BELSAW INSTITUTE 


6301 Equitable Rd., Dept. 51341 
Kansas City, Mo. 64120 


ADDRESS 
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BE A PROFESSIONAL 


LOCKSMITH 


Earn money in your 
spare time or even @ Il 
run your own bad 
locksmith shop! 


Train at home with the origi- 
nal Locksmithing Institute. In 
as little as 6 months' you can 
take care of the demand in 
your community for profes- 
sional locksmiths. 

Earn while learning, too! 
In a few weeks, you'll have 
the know-how to make mon- 
ey changing locks, making keys, simple installations. 
Learn by doing 

Locksmithing Institute's tested and proven method 
makes it easy for you to learn. Each lesson is fully 
illustrated and you work with professional tools and 
materials sent to you with the course...evenanelec- | 
tric key machine... equipment that you will be using 
in your own locksmith shop. 


QUICK WEDGE 


SCREW-HOLDING SCREWDRIVER 


47; 


THERMO CUBE 
Automatically Turns Any Heater 
On and Off According To Outside 
Temperature 
Simply insert the Thermo Cube into any 120 volt 


Drives screws ||| 
| anywhere with | 


рпелало 4-PACK with 


| ; grounded outlet or extension cord and plug in up to 
Blades wedge into Cash in on the growing need for locksmiths two heaters. Automatically turns heater on as the 
| screw slottoholg FREE RACK You'll find locksmithing work all around you. And, temperature drops. Three models are aveilable-one 
it firmly and start it $ 95 with your Diploma as a skilled Master Locksmith, turns heater on at OF, one at 20°F, and one at 35°F. 
| at any angle With 14 you'll start cashing in on your money making skills. Each automatically turns heater off when 
S es —— Get the exciting profit facts by mail... no sales- temperature rises 10° above preset point. Handles 
| hand (add 75€ for shipping) ill "m Mail the y lodav. up to 1800 watts, UL listed. Great for engine heaters, 
опе папа. ROREM EMT man Will ever са ап t coupon today. баа i 4 bile | 
UNCONDITIONALLY ш a mms IE POTEN SANTE AATE unoccupied homes, greenhouses, stock tank 
GUARANTEED | | NIA LOCKSMITHING INSTITUTE heaters, heat lamps in boat houses, well heads, root 
Be ous eoi cc ee ES ES .. 1500 Cardinal Г Drive, Little Falls, N.J. 0 07424 : calara, etc. 
1 Visa/MasterCard No " l'LOCKSMITHING INSTITUTE b us 1 = MODEL NO. TC-1 (On at OF. off at 10°F)... $9.95 
E | | 1500 Cardinal Drive, Little Falls. NJO7424 Dept 111-018 | | a MODEL NO. TC-11 (On at 20°F. off at 30°F) . $9.95 
Expires BP PLEASE RUSH FREE CAREER BROCHURE | э MODEL NO. TC-111 (On at 35°F. off at 46°F) $9.95 
| NAME ! L] LOCKSMITHING a. Send Check or Money Order for the amount 
| и | OTHER CAREER COURSES AVAILABLE | i bandi harge to: 
ADDRESS | LJ Upholstery J Insurance Adjusting O Conservation plus $2.00 Ing С to: 
І | l .. Legal Investigation I 1 Interior Design C Drafting | Mastermotive-H 
CITY STATE / ZIP i i Color TV Electronicst] Fundamental С Automotive | БББ Lincoln Ave. N.W. 
ectronics echanics io lt 
SIGNATURE : [ ie anal Engine E Burglar and Fire Û ا‎ ek- & i am Huron, SD 57350 
i KEDMAN COMPANY INC. і MET iei > arm systems Genera ceountimng | 1-800-328-2869 
1 і LI Airconditio ‘Ref on/H 
| PO. Box 25667. Salt Lake City. Utah 84125-0667 BNET TEASE Ша йш шш ыд, l х Фф Ext. - 10 а 
| Copyright € 1987 by Kedman Company Р51-88 | ADDRESS | Е 
ттн —— | = | ttt 
ае Ы 


| a FREE DART 
“ба HC 


тар НОМЕ PLANNERS, INC. An exciting portfolio of America's popular home 
designs specially edited by category. Order 
either the delightfully illustrated plan book of 
your favorite house category. or the Complete 
Collection. Your ыыы ганан, 


ит king, 50 Sy 
М р) Hunting, ta тўе, imum. ves 
кее, dais 15 ft (200 T5, p a Toy! Heavy eje 
‘ends - 100 F EE Stee! Оа 
tole е + 1 


Ms er gun „== E 
$2.25 U.P 5. Dr. MAHOM Zap (75 m 1-P€ $8.97 
EN fap darizs4o100] $7:/200|515.500|4.4"" POWER-MAG [150 2 pc$11.97 
ont he y shone Zap daisso 100[s17;200 138. 500| 55" SUPER-MAG (22% set рс» 14.97 
dat ces Са twat Zap Hunt tinssB/110 dd: 220! iy 550 TO BLITZ: риво f ? Black tine 97 

Buy 2 Zappers о ot SOOFREE darts! saree ! Add 3.00 for ANDDIZED no g : а Км 

ax Dise 1.000.520 Yu 800- 222-3119 8 ORDERS ONLY 

ZAP- DART, INC. Р. О. Box 25051-P Salt La | 


Г: 1800 THINGS YOU 
I CATALOG 


NEVER KNEW 
EXISTED! 


Called “most unusual catalog in the world." Pages of novelties, 
funmakers, hobbies, bargains, sports, gadgets, science, 
electronics, knives, photc-optical, motors, outdoor ibems, 
auto items, sell improwers, practical jokes, many тоге. 
| Where the unusual is usual. 10 million satisfied customers 
since 1814. Write for your FREE catalog TODAY from 


w | 150 T STORY HOMES — Cape Cod, ме, Tudor, MN versions 
Farmhouse арабия. Also Contemporaries For all budgets 288 pages $6. 95 Low budget & € Sections. Ep isis plans. 128 pages $3. 05 


America’s favorite mall order fun house. Send nama, 
address, zip & 258 for mailing. 


Johnson Smith Co., Бері. M-179 Bradenton, FL 34203-3796 
ша ша шш шш шш ша ша шай Шш кып тан ишн кый БЕН ПЕШ ШШ ЫШ ШШ ШШ ЫШ ШШ ШШ Н 


Buy all your sporting 
goods at wholesale! 


23,000+ items, including guns, ammo, reloadin 
supplies, fishing, hunting, camping gear anc 
more...all at true wholesale prices! FREE info. 
Write Sports America, Inc., Dept. 194, P.O. Box 
1415, Highland Park IL 60035 or call 1-312-433- 
8761. (No collect calls.) 


210 ONE STORY HOMES OVER 2000 $4. Ft. — All popular styles Spanish. “Western, 315 ONE STORY HOMES UNDER 2000 Sq. Fl. — For medium & restricted bud- 
Tudor, French, etc. For modest to country-estate budgets, 197 pages $4.95 | gets Delightful traditional, contemporary exteriors, plans. 192 Em es $4. 95 


Mail HOME PLANNERS, | INC. 
Dept, Bk - 23761 Research Drive 


Today Farmington Hills, Michigan 48024 


Please ship to me by return mail (circle choice). 

1 315 One Story Homes Under 2000 Sq. Ft. @ $4.95 
2 210 One Story Homes Over 2000 Sq. Ft. @ $4.95 
Q 150 1% Story Homes @ $3.95 

4 360 Two Story Homes @ $6.95 
5 
5 
7 


215 MULTI-LEVEL HOMES — Features split levels, bi-levels for flat & hillside sites 
Exciting new dimensions in living. For varying budgets. 192 pages $4. 95" 


e Profitable Home Business 


215 Multi-Level Homes @ $4.95 e. Plans. Kits & Supplies 


223 Vacation Homes @ $4.95 PSMs1 
Complete Collection @ $19.95 (Saving $10.75) 


e Easy to Make 


Ж... —— FREE J & L CASUAL FURNITURE 
= Address М 1 =< BROCHURE Box 208—S, Tewksbury, MA 01876 
223 VACATION "UNES тә А- A-frames, chal alets, Nenana, === for s summer and winter $ City = P1 
fun. From 480 to 3238 sq. ft. sleeping 2 to 22. 176 pages, 120 in full color. $4.95 = "i State Zip FOR SPEEDIER DELIVERY 
y ALL SIX CATEGORIES — only $19.95. Get each of the six out- " mm ADO $1.00 POSTAGE AND HANDLING 
н plan books. Over 1250 designs. 4050 illustrations. 1168 aus mar "en Mich. residents | PLEASE USE YOUR 
pages. A $30.70 value. save $10.75. Blueprints available for each de- 20 Cedar St. N. add 4% sales tax E | | | 
sign al low cost. Start your home planning program now. крон. ONE MEH WS. Шию МУ... gem d ZIP CODE 


120 | POPULAR SCIENCE 


Classified Opportunity Mart 


Reach 4.5 million readers every month with an ad in Popular Science's 
Classified Opportunity Mart. March Issue Deadline (on sale February 9) is 
December 24. Rates: $8.90 per word. Min. ad 10 words. Darker 
type (Bold) words $1.00 per word extra. Display Classified: $495 per 
inch. Payment with order, or charge your Visa, MC, Amer. Exp., or 


Diners Club Account (give # & exp.) Advertisers using box number 
inad must furnish name & street address for our records. Send order 
& remittance payable to POPULAR SCIENCE, Classified Dept. 6C, 
380 Madison Avenue, New York, NY 10017. For advertising infor- 
mation call 800-445-2714. 


Ernestine Giant, Class Adv. Dir. 


THE CRUSHER! 
Crushes aluminum cans. and 
automatically discharges them 
Heavy steel construction - 
easy to use = по more bulky 
garhage bags. 
ORDER NOW! Send cash, check, 
or m.o. for $27.95 + $3.00 S.&H 
TO: CWM ENGINEERING 
BOX 395 PS 
COTTONWOOD MN. 56229 


| FREE SHIPPING 
2 or More (U. 3. only) 


AUT O SUPPLIES & EQUIPMENT 


ALTERNATOR Generator Rebuilding 
Book. Price: HV Technology, 7505 Barken- 
Line St., Las Vegas, NV 89128. 


TIE DOWN loads with this NEW attrac- 
Live rail, hook and stretch net system. 
Infinitely adjustable. FREE information. 
KSA Tools Corp, Box 3169, Santa Fe 
Springs, CA 90670 (213) 946-3019. 


NEW PRODUCT, QUICK LUBE, High 
Tech Lubrication, 1000 Uses, $12.95 post- 
age paid. Big Sky Enterprise, Box 524, 
Baker, Montana 59313. 


AUTO HEADLIGHT ALERT 
Warns you, when headlights are on! Send 
517.95 + $1.00 S&H to: Capricorn Electron- 
its, 9513 SW Barbur Blvd., Suite 117, Port- 
land, OR 97219. 


HOVERCRAFT 


AERO-CAR Amazing Hovercraft built 
easily with ordinary tools. Lawnmower 
engine powered. Carries one man plus. 
Flies over land/snow/water. Complete 
lans and booklet. $10.95. Aero-Prajects, 
Box 5118P5, Clinton, NJ 08809. 


ВЕЕТ Plans, Parts. Catalo 
1.00. Universal, Box 281, Cordova, | 
51242. 


BARTLETT FLYING SAUCER 
ULTRA-LIGHT Hovercraft Featured In 
ocumentary Film, “Force Beyond” Pow- 
red By Ordinary Lawn Mower Engine. 

'omplete Plans and Supply Sources. 
510.00 Send To: Herb Bartlett, РО. Box 
56-5, Silverdale, WA 98383. 


HOVERCRAFT PLANS AND PUBLICA- 
ONS, catalog $1.00. Lansing AeroMar- 
ne, РО. Box 27655D, Lansing, MI 48909. 


ALTERNATE ENERGY 


200 EXOTIC ENERGY INVENTIONS, 

НЕ TECHNICAL DATA. ASTOUNDING 

D-PAGE CATALOG, $2. REXSEARCH, 
DX 1258, BERKELEY, CA 94704. 


FREE HYDROGEN FUEL and Oxygen 
fenerator uses Water and Solar Cells. 
flans and Kit $12.00. Prairie Power, Box 
scie Edmonton, Alberta, ТБН ОШ, 
anada. 


GREAT GIFT | 
IDEA! 


SURPLUS SOLAR CELLS, Panels, 
agnets. Huge selection. Catalog $1.00. 
pplied Photovoltaics, Box 2773, Staun- 
bn, VA 24401. 


SUPPRESSED INVENTIONS. Details: 
like's, Box 122, San Marcos, CA 92069. 


BURGLAR/FIRE ALARM 


| BURGLAR F YOUR HOME In 
hree Seconds! New Product Free Informa- 

n. ECI, 455 Charles Ave, St. Paul, MN 
5103. 


ELEC TRIC VEHICLES 
ENGINEERED C N PLANS! 


i ONVERSIO 
ARTS! MINICARS! Specifications Free, 
£, Box 19409-AF, San Diego, CA 92119. 


AUTOMOBILES 


BUILD A BIKECAHR Y. 
The Amazing Mini Car You Can _ 


rs 
BEY SPORTRAN CO. 

c PO. Box 70775, 

| Satisfaction Guaranteed or Your Money Back Endicott. NY 13760 


VAPOR Carburetor Triples MPG. Free 
Information. H&A, R2PS, Bowling Green, 
MO 63334. 


It True You Can Buy Jeeps for $44 


through the U.S. government? Get the facts 
today! Call 1-312-742-1142 Ext. 4606. 


DISCOVER! "THE FABULOUS WORLD 
OF SUPPRESSED TECHNOLOGY"! Cat- 
alog $1.00. Sunrise, Box-11233PS, Ocala, 
Florida 32673. 


ASTRONAUTICS 


30 LEVITATION METHODS! AMAZING 
DATABASE CATALOG. $1: Rexco, Box 
1258, Berkeley: CA 94701. 


BUILD YOUR OWN 
ROCKET MOTORS! 
* 40 POUNDS THRUST! 

* FIFTY CENTS EACH! 


* BUILD A DOZEN IN 
AN EVENING! 


Wits for pur brochure geri we i pend you а 
WORKING SAMPLE of an eleciric igniler that (RI CAM 
MARE TÜLRSELF iram materiats pou ЇЇ find around the hours 


nd 52 00 10 
Dept Р5-1 m TELEFLITE CORPORATION. 
11620 Kitching $L. Suamymead, Calif. 92388 


OFFICIAL Secret Documents Orbital 


Propulsion Atomic Spaceship $5.00. Knap, | 


4408 Wildwood, Burnaby B.C. V5G 2M4. 


S.T.0.L STRATEGIC TAKEOFF OR 
LANDING ROCKETSHIP BUILDING 
AND FLYING MANUAL $19.75. JOEL 
yep aa 140 N.W. 104 St., Seattle, WA 

17T. 


ROCKET MOTOR MAKING TOOLS and 
supplies. Catalog $3.00. Impulse Reactions 
РО. Box 61342 Seattle, WA 98121. 


SPACE SHUTTLE UPDATE. 12 months 


$25.00. Space Historical Society, РО, Box 
647, Port Royal, SC 29935. 


ALL TERRAIN VEHICLES 


[ BUY ONE AND WE'LL MAKE 


YOU AN EXCLUSIVE DEALER* 
max . 
6 wheel drive AIV 


passen ger 
models 


ты : 3 


*if the territory still is open. 


Call Toll-Free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada Toll-Free 1-800-338-0012 
Recreatives Industries, Inc. 

60 Depot Street, Buffalo, NY 14206 


AVIATION 


Build Your Own 


HELI N ITA 


SIMPLE, LOW - COST ASSEMBLY 


* Carries опе person-plus | 
* Tip-jet powered 
è No license needed 


PLANS — fully illustrated: 
Only $13.55* 
THE 
Helicopter Experi menter's 
нановоск 


è photos 4 designs ® data 
Only $10.95* 


EO. x 50-А 
SS eg MD 21139 


Credit card order line: 
dial 1-301-583-6386 


e" HELICOPTERS 


5 Models 
Available 


You Can Build for Under *900 . 


Vertical Takeol! and Landing 
Hover Flight/No License Required 
INFORMATION PACK $5.00 
Includes: specs, photos, prices 
Box 391-B 


[9] BW ROTOR со. INC. Towanda. KS 67144 


AMAZING  1791b flying machine 
CLIMBS to 10,000 feet NO LICENSE 
required NO WINGS or Helicopter blades 
FOLDS to fitin trunk of car SAFEST, Easi- 
est, Cheapest way to fly for complete info + 
FREE Demo flight send $5.95 to: Freedom 
Fliers, RO. Box 135B, West-Pittston, РА 
18643. (Buy One Be A Dealer If Open.) 


AIRBOATS. Hovercraft, Airdrives. 
Plans, kits, hulls, mounts, engines, pro = 
lers, hubs. Catalog $3.00. Sportscraft, 

PS, Meeker, Oklahoma 74855. 


>. G8-2 PRESSURE JET 
Б) FOR HELICOPTERS, 

PLANES & GLIDERS | 

e PLANS e KITS | 

COMPLETED JETS | 


BUILT BY HOME BUILDERS 
FOR OVER 20 YEARS! 


“JET POWER" COLOR VIDEO (VHS) 49.95 
130-LB. THRUST JET BLUEPRINTS... 25.00 


120-1 В. THRUST JET BLUEPRINTS .... 
Send for FREE BROCHURES! 
$10.00 — Complete Information Package 
Plus 60-Page Technical Handbook 


EMG ENGINEERING 


P.O. BOX 1368-G 
HESPERIA. CA 92345 


15.00 


BOOMERANGS ... HI-TECH RE- 
TURNS! ABS; POLYC ARBONATE; PAX- 
OLIN: or Wood Constructed. World's Best! 
Boomerangs-Exciting, Collectible. Annual 
Catalog FREE! BoomerangMan, 1806-2 N. 
3rd, Monroe, LA 71201-4222. 


WELDING SOLDERING 
DILLON TORCH $329 welds, alumin- 
ium, stainless. 2120 Main #250, Hunting- 


ton Beach, CA 92648, or call (714) 960- 
0431. MO/Visa..- 


TAXIDERMY 


EXOTIC Insects Worldwide. 64p Catalog 
$2.00. Scientific, РОВ 307-S, Round Lake, 
Illinois 60073. 


Dorothy Ellis, Sr. Class. Adv. 


соп ИЕА өы ЕАСНЕЗ ...,,...... 
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* Jumping * Gun Shy “Sit = 

«Chewing = Breaking Point = Heel = Self Contra 
* Barking * Over Ranging «Stay = Guard 

a Biting * Busting Birds . Miu ы jd 


For: Family Dogs * Hunting Dogs * Stock Dogs * 5 
ON TV with: Barbara Walters, Carson, Dick 

Linkletter, Merv Griffin ARTICL Ек SPORTS / АРЕ ELD 
AMERICAN FIELD, TIME MAGAZINE, TV GUIDE, HUNTI 

DOG, WALL STREET JOURNAL aa others. worldwide 
А science engineering breakthrough! A set of uniqu 
dog-sound makers that condition dogs incredibh 
fast. Small. Used from the palm of the hand. Nea] 
hypnotic control, even at a distance. Мо leas 


needed. Movices become experts. This ne 
discovery is a learning-sound catalyst that teaches 
direct to the dog's mind. Renders bodily paintraining 
obsolete. Safer. Kind. Yet, more powerful! Dogs 
simply don't fight it. Tunes dogs in, makes them wan 
to please you. Unequaled loyalty-bonding. Same 
instruments and system (the Dr. Miller patents 
dispensed by veterinarians for dog behavior. Now 
thousands of satisfied users in U.S. & foreign lands 


Его 929 to $175 FREE catalog] 

DOG-MASTER SYSTEMS 

1017 Wilshire, Box 290, Agoura Hills, CA 91901 
Copyright © 


A Division of Environmental Re 


ELECTRICAL SUPPLIES & EQUIP 


h 
| The Levitator will amaze ртн, sheo ek траке 


basic law of nature. The Levitators beautiful chrome 
лај AOAO E нента nha сө am 


95 shipping add $4.57 
The he RX E000 mini cross bow's 
diecast gun body is made to handle 


the roughest handling. It's suspension I. 


to thier mark. Not a toyl a super high preasion bo 
for hunting, bow fishing, & targat pra Ce. кзз 
bolts. Extra bolts 12510.90 [Т = 
Private Eye Motion Alarm) ' 

Simply plug the receiver and 


All products are ا‎ imt CA guaranteed. Order 
or receive a free catalog call 1-000-624-1150 
For information call or write (402) 554-0383 
| d Imports & U.S. qi 

346 Pacilic St. Omaha 5810€ 


PLANS & BLUEPRINTS 


BUILD ROCKING HORSES! Size 25" x 
36", Plan #245 is $8.00. Size 35" x 58", 
Plan #400 is $10.50, postpaid. NY resi- 
dents add tax. Armor lucts, Box 445- 
FC, East Northport, NY 11731. 


TESLAS chamber of living lightin 
Plans for small working model. $10.00. 
Ellinger, P.O. Box 482, Ironton, OH 45638. 


SAVE $ BUILD IT YOURSELF! 
Plans— Blueprints for sandboxes, Com- 
puter desk, Pet Ideas, Childrens furniture, 
and much more. Hardware kits available. 
Illustrated brochure at special price for 
Popular Science Readers. Send $1.00 to: 
TRIANGLE ENGINEERING, РО. Box 
458071, Cincinnati, OH 45245. 


NENNEN Lu ГАН 


ANS & BLUEPRINTS (cont.) 


AMAZING Sand powered Gravity Car, 
ins 45min on Hopper Load Of Sand $9.95 
. Bud Kahn, ыы Avon Allen Rd., Mt. 
irnon, WA 98273 


Qu! SUN TANNING MACHINE 


Geta salon-type TAN for pennies a day at HOME 
Plans to assemble six lamp unit 
» information + Parts list + Suppliers 
T • Step by step instructions 


* Vertical/horizontal unit 


| E aes. 
E ea 


Send $12.95 |o inc 

heck М.О, ер. P-101 
Үе Or AO РО) Box 71708 | 
Madison Heights, MI 48071-0708 


| (L.S. funds only) 


B HORSEPOWER 
PORTABLE 

y DS FOR TRAVEL 

1 CYD PER HOUR CAPACITY 
RECOVERS MICRON AND 
NUGGET GOLD 

REQUIRES 15-30 GPM WATER 
CAN BE BUILT IN A HOME SHOP 

USING LOCALLY OBTAINED PARTS 

| FOR COMPLETE PLAN INCLUDING MATERIAL TAKEOFF 
SEND $14.95 TO: LEIGH CONSULTANTS, INC. 

PO BOX 58275 RENTOM, WA 38058 


PICNIC Table made from one sheet of 
ilywood - Easy Disassemble for storage - 
Мап $3.50. Samco, Box 636, Nocatee, FL 
3864. 


КІТЕЅ 


KITES 


| FREE COLOR CATALOG 
Choose from over 100 kites, 

| Many unusual & innovative designs. 
Call or write for your catalog today! 
, Into The Wind « (303) 449-5356 
1408-P Pearl St., Boulder, CO 80302 


| [] YES, SEND МЕ A FREE CATALOG Ц 


| Мате 
Address 


| City 
State Zip 
|. JI 2 5 p pp 
DO IT YOURSELF 


VOICE Disguisers! FM Bugs! БМТ. 
Active Antenna, Receivers! More! Send 
stamped envelope: XANDI Electronic, Box 
15647, Tempe, AZ 85282. 


HYDROGEN AUTO FUEL FROM 
МАТЕН. Amazing Free Report. Merit, Box 
3363-A 13, Louisville, KY 40205. 


4321 CATALOGS listed. Sources For 
Anything! $5.00 Catalogs. Box 92452X, 
Atlanta, GA 30314. 


SOLAR, GREENHOUSE, AND 
ENERGY SAVING PRODUCTS CATA- 
LOG! 80 pages. Order from one expert 
source. Americas largest energy saving 
nail order house! $1.00 postpaid. Solar 
-omponents, Dept. PS, 88 Pine, Manches- 
er, NH 03103. 


200 SUPPRESSSED INVENTIONS! 
FREE ENERGY, LEVITATION! RARE 
INFO, PLANS: AMAZING 40-PAGE CAT- 
ALOG! 32: INFOLIOS, BOX 1258, 
3ERKELEY, CA 94701. 


MICRO BUGS 
Highly advanced bugging equipment. Ultra- 
small transmitters, concrete mics, telephone. 
pen bugs and much more. Send $2.00 to 


MICROCOM for catalog 
(REFUNDABLE). Unbeatable 
prices. 
s | r3 MICROCOM TECHNOLOGY 
Dept.-D5« P Û. Box 347341 © Cleveland. ОН 44134 


MINLATURE FM TRANSMITTER. Easy 
to assemble kit. 1 x 134". $19.95 plus $1.50 
s/h. Other transmitters, bugging equip- 
ment, surveillance books. Catalog $2.00 
(refundable). Epsilon Co., Box 291513, Los 


Angeles, CA 90027. 


GENERAL Electric Surface units with 
trim ring. Small WB30 x 356 $19.95 a 
Large WB30 x 354 $22.95 pp. Catalog 
$1.00. Free with order. ААР, РО. Вох 4, 
Faith, NC 28041. 


BENCH PRESS-LEG LIFT Easily built, 
inexpensive, no special tools needed. Plans 


$2.00. U-Built Products, R1, Box 217c, 
French Lick, IN 47432. 
REPAIR YOUR OWN TV... Its Easy. 


Write Research, Rt.3, Box 601 BE, Colville, 
WA 99114. 


PROJECTION TV...Convert your TV 
to project 7 Foot picture .. . Results compa- 
rable to $2,500 projectors Total cost less 
than $30.00... Plans and 8" Lens 
$21.95. Illustrated information FREE. 
Macrocoma-ae, Washington Crossing, 
Pennsylvania 18977. 
24HRS. (215) 736-3979. 


SURVEILLANCE — COUNTERSUR- 
VEILLANCE! Transmitters 500% Savings! 
Huge Catalog $5.00. (REFUNDABLE). 
Protector, Р.О. Box 520294, S.L.C. UT 
84152. 


LARGEST SELECTION of how to books. 
FREE CATALOG! Hillversums, 12311 
М.Е. Glisan, Dept. 207PS4, Portland, Ore- 
gon, 97230. 


CUT WATER BILLS 
MINI Internal Water Restrictors For 
Home And Apartment Showers. Easy To 
Install. No Soldering. No Maintenance 


Nylon. 3 Units $5.00. DRUMMONDS, PO. | 


Box 13532, Pittsburgh, PA 15243. 


BATTERY PUN MOVEMENTS. 
Below Wholesale. Catalog $1.00 (refund- 


able). Yankee Ingenuity, Box 1135, Altus, 
OK 73522. 


& FIX Your BROKEN and 
^ LooseFitting Dentures 
Your dentures may become broken 
or loose when you need them most. 
Fix them yourself with professional material in | 
Dent-Fix Kit. Comes with easy-to-follow in- 
structions. Send $7.98 (check or money order) 
and we send Postpaid by First PCIe Mail. 
Satisfaction Guaranteed or Money Back 
Dent-Fix Dental Products, Dept. 288 
Box 410674. Kansas City, Missouri 64141 


LASER OR MASER 


PISTOL — Complete 
enim uild- 


INVISIBLE FORCE 
FIELD— $4.00 MOON 
MAN ROBOT— $4. hen 


SOUND [А5ЕН........... $40 
lon Aeronautical Lift System.......... $7.50 
неа Ruby Crystal là" x 2" for educational 
High Power CO, Laser ..............$7,50 


Catalog of super Science Projecis-- $1.00 
JACK FORD SCIENCE PROJECTS 
PO Box 1009, Duluth, GA 30136 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter | 
uses a 4-stage circuit NOT to be confused with | 
a simple wireless microphone. Simply snap the 
unit on top of a 9V battery and you can hear 
every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz — 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax incl. 

Call or send MO, VISA, MC for immediate de- | 
livery. Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 


DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


| POPULAR SCIENCE | 


Creditcard orders 


TELEPHONE LISTENING DEVICE 


Record telephone conversations in your office ог 
home Connects between any cassetle ог tape 
recorder and your telephone fine Starts auto- 


sides of conversation ‘Stops recorder when 
* phone 15 hung up 


Super Powerful FM TRANSMITTER 
| Many limes more powerful than other transmitters . 

Transmis up to "à mie їо any FM radio -Easy To 

Assemble Kd - up io ЧУ banery (not mc! ) 


[| For catalog of Transmitters, Voice Scrambiers and 
B oterspecaty йет. enclose $2 00 to USI Corp 


Call 305-725-1000 of snd $19.95 + $1.00 
shipping par itam to: USI Corp., PO Box 7 
PS-2052, Melbourne, FL 32802 COD'SOK. 1x1 


ELECTROPLATING. Complete  text- 
book. Electroplate metallics - nonmetal- 
lics. $11.95. Details free. Tropic, Box 95E, 
Palm Bay, FL 32906-0095. 


| PLANS ви Үошзей—А! Parts Available In Stock 
e LC7—Buming Cutting CO, Laser .. o9 dU. 
+ RUB4— Portable Laser Ray Pistol . 
e Т 1—3 Separate Tesla Coil Plans to 1.5 MEV... 
• 1061—1оп Ray бип... 
a GRA1—Gravity Generator. ир 
e» EML1—Electro Magnet Coil Gun/Launcher .. 


KITS 
e METIK—FM Voice Transmitter 3 mi Range 
e VWPMSK— Telephone Transmitter 3 mi D ge 
e BTC3K—250,00 Volt 10-14" Spark Tesla Coil.. 
* LHC2K—Simulated Multicolor Laser... "S. 
* BLS1K— 100,000 Watt Blaster Defense Device .... 
è [TM1K—100,000 Volt 20" Affective 
Range Intimidator... 
* PSP4K—Time Variant Shock Wave Pistol .......... 
* PTG1K—Spectacular ndn най Generator b 50 
e MVPIK See In Dark Kit.. " 199.50 | 
ASSEMBLED 
. loli ea Vanable Mode 
Plasma Globe “7. NE 
e BTC10—50,000 Volta World's Smallest 
Tesla Coil .. ues 
* LGU40— 1MW HeNe Visible Red Laser Gun... 
* TAT20 Auto Telephone Recording Device........... 
* GPV10—5ee In Total Darkness IR Viewer .......... 3 
e LIST 10-—Snooper Phone Infinity Transmitter . ... 
| © IPG70—Invisible Pain Field Generator— 
Multi Mode .... 
* Catalog Containing: dascripbons ‘of above plus 
hundreds more available for $1.00 or included free 
with all above orders 
Please include $3 00 PH on all kits and products plans 
are ровар paid. Send check, MO, VISA, MC in US 
funds. | 


INFORMATION UNLIMITED 
| P.0. BOX 716 DEPT. P8, AMHERST, NH 03031 


FOR THE HOME 


SÍ)jLARPAC: 
GATE OPERATOR SYSTEMS 
Solar Powered Radio Controlled 
One Year Warranty 
Money Back Guarantee 


Complete Kit $595.00 
Installs in Minutes 
ower Required 


No Utility F 


^19 Center Point, TX 78010 


1(512)634-2144 


4' METAL Cutting Lathe $104.50. Taig, 


15048 Proctor, Industry, CA 91746. 


SMALL FOUNDRY Furnace. Suppl жеч 
Free Literature. Pyramid Products, 
M, 3736 South 7th Avenue, Phoenix, 2 
85041. 


LATHES — MILLING MACHINES 
MACHINE SHOP SUPPLIES — TOOLS 


Box 536-PS — wv 25526 304-562-3538 
L'nimat = Compact: Maximar = Myford * Sherline = Aulas * Jet 
REPRESENTATIVES OF MANY MANUFACTURERS 


Toll Free Number For Orders 


“SHARPENERS REPORT" Monthly 
Newsletter, Sharpening Guidebook, Angle 
Wall Chart, Free details. Skog Company, 
pent, PSL, РО. 22559, Minneapolis, MN 


BOLTS, SCREWS, TOOLS. WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


SUPER plastic hose clamps. "Tougher 
than steel, half the price. Free sample. 
R.G., P.O. Box 3204, Ridgewood, NY 11386. 


NEW EASY-TO-CLEAN 
MIXING MACHINE 


PATENTED 


— FEATURING — 
REMOVABLE POLY TUB 
$388 FOR — $768 FOR 
2% EU. FT. S% CU FT. 


FREIGHT 


„еу : »oratot ы | 
PRE-PAID 1185 Baskins Rd, Largo, FL 34648 


. STEEL, (гоп, Brass, Aluminum-Bar, 
Shapes Small Quantities Shipped UPS no 
Minimum. BLPS, 604 Washington, Wood- 
stock, IL 60098. 


TOOLS! all kinds, ABSURD savings, 
catalog $1.00. DML, P.O. Box 872, Strouds- 
burg. PA 18360-0872. 


HOME CRAFTSMAN 


WOODC PATTERNS, Windmills, 
Wells, Bird Houses, Whirligigs, Jigsawing. 
Catalog $1.00. 11840 North US. 27, 
Witt, MI 48820. 


supplies. Color catalog subscri ription $1 ^j 
(614) 484-4363. Cherry Tree 
mont, OH 43718-0369. 


PLANS, patterns and ideas for wood 


workers. Birdhouses, dollhouses, toys 


weathervanes, furniture, entertainmen 
centers, computer desks, complete kits an 
more. Catalog $.50. C raftplan Co., 
1117, Rogers, MN 55374. 


Dept 


FOR THE HOME 


mm س س س‎ 
RADON detection kit. Reveals the pres 

ence of Radon Gas. Send $29.95 for test 

or $1.50 for info. ECOLOGY PRODU 

PO. Box 8080-SJ, Phoenix, Ariz. 85066. 


кекте бии ия ерене gi 
HOME HEATING, FUEL SAVERS' 


WICKS for kerosene heaters. Ask us fo 
catalog A-1087. 1-800-426-7006. 


BOATS, INBOARD/OUT. BOARÍ 
MOTORS 


BOAT Plans — Patterns — Kits — Hu 
dreds of designs — Sailboats — Power 
boats — Sportsfishers — Rowboats — 
Duckboats — Bassboats — Canoes 
Hydroplanes — Simple construction 
Proven results — Tremendous saving: 
Gigantic 160-page catalog $3.00 ($4. 
Airmail) — Includes Free "Boatbuildi 
Supplies" catalog. GLEN-L. 9152 Ro 
crans, Box 1804SP, Bellflower, CA 90706. 


BOATS KITS—SAIL —16'-30' all trail 
erable molded fiberglass hulls and deck 
come factory  assembled— you instal 
factory supplied interior. Save half facto 

built cost. No experience required. FRE 
48 page catalog. LUGER, Dept. AC-18, P. 
Box 1398, St. Joseph, MO 64502. 

1(BOO) Boat Kit; MO: (B16) 233-516. 


EVINAUDE—OTHER BRANDS 198 


BARGAINS...All Sizes...$2.00 Handlin| 
scott MeCulloch parts...Electra Mari 
610 Merrick Road, Lynbrook, New Yo 
11563. 


МЕ 
| 


BOAT KITS - PLANS - PATTERNS - 250 
Jesigns - 8'/70'- Plywood - Fiberglass - 
teel - POWERBOATS - Cruisers - House- 
oats - Hydroplanes - Runabouts - Duck- 
oats - Canoes - Kayaks - Dories - Prams - 
SAILBOATS - Daysailers - Trailersailers - 
Tultihulls - SUPPLIES - Epoxies - Poly- 
sters - Cloth - Foam - CATALOG 33.00 
Airmail $5.00) - («Book Amateur Boat- 
uilding $6.00) CLARKCRAFT 16-5 Aqua- 
ane, Tonawanda, NY 14150 


TRAILERS & CAMPERS 


BUILD Your Own-— Travel Trailer— 
"ifth Wheeler—Motorhome— Camper— 
"ickup Cover— Plans— Patterns— Kits— 
;atalog $1 — GLEN-L R-V's, 9152Р5 Rose- 
rans, Box 1804, Bellflower, CA 90706. 


PRINTING SERVICES 


FREE 16 pg Printing Price List, 1 to 5 
olors, sheets to catalogues. Copen Press, 
OOPS Berriman St., Brooklyn, NY 11208. 


PLASTICS 


CASTOLITE Liquid Resins and Molding 
'upplies to cast, embed, coat, fiberglass, 
epair and reproduce; in industry, labora- 
ories, craft work. Catalog $2.00. CASTOL- 
TE, Dept. 88A/PS, Box 391, Woodstock, IL 
0098. 


OF INTEREST TO ALL 


MESSIAH PROMISED LIFE TO THE 
WERCOMER. Send for your free copy 
M "The Psychology of Purity & Chas- 
Ity" to: Schizophrenics International, 
О. Box 50456, Ft. Worth, TX 76105 


HOPE For Adults raised by alcoholics. 
ample newsletter $1.00. ACAP, Box 3192, 
boise, ID 83703. 


DO MAGIC with 692811504730! Magi- 
ians number secrets revealed! Free 
Jetails: Champollion, Box 808RH, Union 
rity, NJ 07087. 


LEARN NEON. Complete course, SELF- 
AUGHT. $35. Postpaid. Infopak $1.00. 
eter Horsley Publications, 115 River- 
irch Cres. SE. Calgary, Canada, Т2СОВЕ. 


HEADACHE? Migraine? Why Suffer? 
Jiscover Cause and Treatment. Free Infor- 
nation. ECR, Box 388184, Chicago, IL 
0638. 


| WANTED TO BUY 


HUGE Demand Personal, Household 

nd Electronic Products. Showroom Avail- 
ble For Expo. We Buy Wholesale, Clear- 
nce, Liquidations. Details $10.00. 
ssociated Traders, 103-A Rue Loverture, 
-Marc Haiti. 


` MISCELLANEOUS 


LOCK PICKING INSTRUCTIONS 310. 
ddison Hitchcock, 2024 Mountain View, 
lavlene, AL 35114. 


REAL ESTATE 


CALIFORNIA. Acreage. Lots. $40 down. 
monthly. 4602 Ethel, Sherman Oaks, 
A 91423. 


CANADIAN COUNTRY PROPERTIES. 
‘reages for recreation, development, 
rming, fishing, hunting, investment, 
inerals, etc. OUR 73RD YEAR. Terms 
ailable. Titles guaranteed. Catalog air- 
ailed $1.00. DIGNAM CORPORATION, 
pt. 481, 370 Dunlop St. West, Unit 807, 
arrie, Ontario LAN 5R7, Canada. 


MOTHER NATURE DID HER BEST IN 
IE PACIFIC NORTHWEST. 5 to 100 
res of nature's best land and homesites. 
rfect for homesteading, outdoor sports, 
ming, or relaxing. We will finance you! 
y us. Beacon Properties, Inc. 1-800-541- 
28. In Wa. state: 1-800-572-0930. 


GOVERNMENT HOMES irom $1 (U 
pair), 20 States. Delinquent tax property. 
possessions. Call 805-687-6000 Ext. 
[-20025 for repo list. 


GREAT HUNTING. Prime property for 

ential hunting club in Imperial County, 
lifornia. Great Hunting, 2619 S Water- 
hn, Suite E, San Bernardino, CA 92408. 


REE WHEEL PARK potential. Prime 
perty for ATV park or enjoyment in 
perial County, California. Three Wheel 
rk, 2619 5 Waterman, Suite E, San Ber- 
rdino, CA 92408. 


NORTHEHN IDAHO. 5-10-ZO ACRES 
Trees, meadows, creeks, springs, clean air, 
wildlife. Northwest forest and lake coun- 
try. Homesites, miniranching, recreation, 
retirement. Easy terms, FREE brochure, 

hotos, information. National Associated 
roperties, Dept PC, 1111 Sherman, Coeur 
d' Alene, ID 83814. (208) 664-8161. 


SAVE 330,000 on home purchase $3.00. 
Home, Box 478, Glenwood, UT 84730. 


MONTANA LAND 


20 Acres (or more) starting at $9750. with 
$975. down,$128.47/ month. Near Beautiful 
Yellowstone Park and Mational Forests. In the 
heart of trophy elk, deer. moose, antelope and 
turkey hunting. Blue ribbon trout streams. 
Guaranteed Access. INSURED TITLE AND 


WARRANTY DEED. Your Inspection Wel- 
comed. Free Color Brochure. 

Call Today Toll FREE: 1-800-252-5263 
Yellowstone Basin Properties 
1119 N. 7th Ave., 

Dept. PS, P.O. Box 3027 
Bozeman, MT 59772-3027 
(406) 587-5469 


FREEDOM COUNTRY 
20 BIG acres in WESTERN MONTANA, starting at $9850 
.. $500 down, $97/month . Trout fishing, backpacking, 
camping. Elk, deer, moose, bear. ADJACENT to National 
| Forests, near established towns. Yellowstone and Glacier 
National Parks nearby. GUARANTEED ACCESS, INSURED 
TITLE, WARRANTY DEED. FREE color brochure, photos, 
maps. FULL MONEY-BACK GUARANTEE. 
CALL TOLL FREE 1-800-592-5990. 
TREASURE STATE RANCHES 
210 Milwaukee Street, Dept. P5 
Deer Lodge, Montana 59722 - (406) 846-1000. 


NURSERY STOCK 


eine 72 page Full Color Seed and Nur- 
sery oi Jung, Dept. 133, Randolph, 
WI 53957 


PERSONAL 


Stutter? 


BREAK THAT HABIT NOW! Learn Fluent, 
Normal Speech! Nation's only recognized 


self-study program trains you to commu- 
nicate thoughts without stuttering! Amaz- 
ingly effective since 1934! Tuition refundable | 
if not helped. Free details. Write/ call today: 

| TED EMERY, Box 867-Ps-1, Winter Park, FL 

| 32790, 305/671-7731. 


SAVE, Make your own face and hand 
lotion, For directions send $5.00 and self 
address envelope to: Lotion, 801 West 7th, 
Muleshoe, TX 79347. 


COLLEGE DEGREES. High School 
Diplomas. Authentic looking. Free Cata- 
log. National Certificate, Dept. Р5-121, 
210 5th Avenue, New York, 10010 (718) 
768-6803 Ext. 100 (24 Hours). 


ASTROLOGY 
ZODIAC POSTCARDS. A COMPLETE 


THREE DIMENSIONAL SET $4. BAN- 
CROFT, 159 E. 15TH. ST., EUGENE, ORE- 


GON 97401. SATISFACTION 
GUARANTEED. 
BUY IT WHOLESALE 


| CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp): DDN, Box 
20152-G, Ferndale, Michigan 48220. 


WHOLESALE PARTS 
184 page catalog 

Replacement parts for 

outdoor Power Equipment 


COMMERCIAL, HOMEOWNER, | 
RECREATIONAL. 


LS. THORPE CO., INC. 
P.O. BOX 45245 DEPT М 
SOMERVILLE MA 02145 


Send $4.09 
for Catalog 


500,000 BARGAINS Photographed! - 
Below Wholesale Catalogs, Box 15628, 
San Antonio, Texas 78215-0628. 


CLOSEOUT (400) Panasonic Teletext 
Decoder $59.00 each. Matrix International 
Corp. (503) 632-7187. 


21241 PRODUCTS from Taiwan, 
HongKong, and The Philippines. Dirt 
cheap prices. FREE DETAILS. Write: Hill- 
top, Box 1364-A2, Chula Vista, CA 92012- 
1364, 


400,000 BARGAINS Below Whole- 


sale! Many Free!  Liquidations... 
Closeouts! .. . Job Lots... Single Samples. 
Free details. Worldwide Bargainhunters. 
Box 1409-B, Holland, MI 49422. 


SINGAPORE, HONG KONG, TAIWAN 


directories. Buy Direct. Information $1.00. 
Merrick Distributing. Box 274P, Merrick, 
NY 11566. 


HOBBIES & COLLECTION 
MILITARY Medals Catalogue $1.00. Sub- 


scription $6.00. Vernon, Box 1387P$, М. 
Baldwin, NY 11510. 


LEATHERCRAFT CATALOG. Ov er 2000 
items. Largest selection available of genu- 
ine leathers, tools, kits, books, supplies. 
Fine upholstery, utility, garment leathers, 
suedes, exotics. Belt, wallet, moccasin kits 
and more. Low prices, quantity discounts. 
Send $1.00 pstg/hdlg; Tandy Leather Com- 
pany, Dept PS188C, РО. Box 2934, Fort 
Worth, TX 76113. 


SAVE! zz 
ә Сагѕ & buggies — & Hobbies "ка 
e General hobbies nh 
* Ready-to-go boats & planes ; 
e Science equipment A". 
a Trains | 
Top quality, name brand items, from mail 
order specialists for over 14 years. 

9 сепа $1.00 To: 
g е Standard Hobby Supply 


Box 736, De 
Mahwah, N. A 7490 


SUPER DISCOUNT 
CATALOG. Radio 


WATER PURIFICATION 
DRINK PUREST WATER! Home Distill- 
ers. Discount Prices! — 800-874-9028. 


WATERWISE, Box 45951, Center Hill, FL 
33514-0459. 


GOOD EATING 
POPCORN How Best To Pop It. $3.00. 
Nick Napier, Rt. 13, Box 401, Bedford, IN 
47421. 
SINFUL Chocolate Cake recipe $3.00 
extra recipe w/order, Homebased Services, 
Suite 862-RC, Yuma, AZ 85364. 


BETTER HEALTH 


SECHET ro BEAT 
HEART ATTACK 


I BEAT HEART ATTACK — You can too. Cleanse 


arteries. Relief for chest & arm pain, weak heart, 
blocked arteries, rapid aging, etc. POWERFUL 
PROOF of painless healing. Helping others. 
Rush name & address to: Heart-20, Box 3256, 
Austin, TX 78764. 


LOSE WEIGHT/STOP SMOKING! Per- 
manently, Safely, Today! Free Brochure. 
Hypnotherapy Institute Box 188PS Mt. 
Pocono, Pennsylvania 18344. 


FREE Information. Natural Product. 
Can Relieve Ulcers, Colitis. Guaranteed. 
Plant, Box 8392, Canton, OH 44711. 


CARBON Monoxide affects health, even 
kills. New product gives annual protection 
for $10.00, Send check, MO, Visa, MC to: 
QGI, 11211-D Sorrento Valley Road, San 
Diego, CA 92121. 


HEARING AIDS 
HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 


Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1/800/323-1212 Toll Free. 


HEARING AIDS 


Q /; PRICE CATALOG FREE! 
{ SUPER 3 SAVINGS: Newest. Finest. All 
| үре Ви y DIRECT & save up to HALF! 

alesmen. Suld by AIR MAIL on HOME 
§ TRIAL. FREE Catalog. Write: 


§ MONEYSAVERS, 
Dept. PS 1D 
E Sepulveda, Cal. 91343 


9530 Langdon Ave., 


ALL IN EAR HEARING AID. Huge Sav- 


ings. Trial Terms. Monroe, Box 1897, High- 
land, IN 46322. 


| 
BODY BUILDING | 


can help you | 
* add inches to your 
chest and arms 
* increase 
strengt 1) 
* build muscle mass 
E in just days! 
Send for FREE info! ане 
DASH - РО Вох 2888 - Dept. FS 18 


Tusc. AL 35403 1- 500-367-3599 
ШЕШ ШЕШ ИШ ШЕШ ee ee eee ШШ | 


TREASURE FINDERS/ 
METAL DETECTORS 

FIND old coins, jewelry, gold nug 
New Patented revolutionary “л аы 


catalog. Gardiner, 4729[, М. 7th pike 
Phoenix, AZ 85013. 


Pay For Your Hobby! 


With White's New EAGLE Metal Detector. 
Programmable Computer Driven to locate onl 
valuable items! Fun and profitable! Models 


from $99.95! «9 


| For a Free Catalog Е 
| Call Toll-Free: WHITE'S ELECTRON 
1-800-547-6911 Dept. PB-7 Sweet Home, OR 9738 


FOREIGN PERIODICALS 


WORLDWIDE ENGLISH NEWS- 
PAPERS/MAGAZINES! Sampler: 4/$2.98 
FREE BROCHURE. MULTINEWSPA 
PERS, Box DE-31, Dana Point, CA 92629 


BUSINESS OPPORTUNITIES 


RECONDITION BATTERIES.  Easil 
Earn Hundreds Weekly. Untold Secrets 
Free Information. Battery Outlet, Box 
3300-5, Hickory, NC 28603. 


NEW Discovery in Battery recondition 
ing. Eighteen months guarantee! Means 
Big Profits Fast! Electoan, 7415 Gable Dr.| 
Little Rock, AR 72205. 


$100 POUND From “Junked” Tires! 
(Send Stamp). LaVallees, Fountain, FL 
32438. 


IMPORT-Exj port oppor tunity, profitable 
world-wide, mail order business from 
home, without capital. We ship plan for no 
risk examination. Experience unneces- 
sary. Free Report. Mellinger, Dept. N2693, 
Woodland Hills, California 91367. | 


YOU Can Make Huge Profits Importing 
21,241 Asian Products, Dirt Cheap. Sur- 
prisingly Simple Procedure. FREE Infor- 
mation. Write Hilltop, Box 1364-P7. Chula 
Vista, CA 92012-1364. 


BUMPER Sticker Printer. Cheap, Sim- 
ple, Portable. Free details Bumper, POB 
22791(LLC), Tampa, FL 33622. 


LEARN MIRROR RESILVERING, Free 
Information. Silvercraft, Box 127, Lans- | 
downe, PÀ 19050. 


REPAIR HYDRAULIC JACKS Free 
details. Hydraulic Parts Supply, Dept. 5, 
Box 4157, Brownsville, TX 78520. 


RECYCLE METALS. NO, NOT BEER 
CANS! Easy $458 weekly! Free informa- 
tion, Hornsby's, Box 1214, Franklin, TN 
37065-1214. 


| МАКЕ HOMEMADE BOOKLETS. I'VE 
| EARNED $187,000 WITH MINE. MONEY 


NEVER STOPS! Free information: Dasher, 
Р.О. Box 1039, Gatlinburg, TN 37738. 


ADVERTISE free in 507 Magazines. 
$5.00. Directory, Box 11W, Atlanta, GA 
30301. 

MECHANICALLY inclined individuals 
desiring High Weekly Profits operating 
Small Manufacturing business Without 
Investment write: Businesses, 92-P Brigh- 
ton llth, Brooklyn, NY 11235. 


$192.00 FROM Square Foot Plywood 
(Huge Demand), Revealing Proof 50e 
(Refundable), Woodwins, Bridgewater, MA 
02324. 


$40,000 ON1/3 ACRE! New hydro on- 
ics—inexpensive, pleasant, practical! Free 
information. Planter's, Box 1214, Franklin, 
TN 37065-1214. 


SPARE time fortune in Vinyl Repair. 
Huge demand creates exceptional profits. 
We supply everything. Details free. VIP, 
2036 Montrose, Chicago 60618. 
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BUSINESS (cont.) - 


GOVERNMENT WT 
SEIZED PROPERTY Make You 


E-KNOWN SECRET REVEALED I. 
y Dirt Cheap - Automobiles, RICH! 
IS ا‎ E = 


cka, RA Furniture, 
tereos, Appliances 8 x К 
оизатіз of other items seized/ LJ v7 ll 
hn narcotics raids — — 7 ul 
„ Resell at Big Profits! С NS д В Лед 
4 Free Information! ^ E ы اکر ر ا‎ 
j j MARCEL Dept. EB e 0 
aay’; P.O.Box 7557 5 s (YZ 
= Monroe, LA 71211 = 


PROJECTION TV.. Make $фФ в assem- 
ing Proj rs. . Easy. . Results compa- 
able to $2,500 projectors . . Total cost less 
han $30.00 .. PLANS, 8" LENS & Deal- 
з Information $20.50 . . Illustrated infor- 
ation FREE .. Масгосота-аех, 
fashington Crossing, Pennsylvania 
8977. Creditcard orders 24 HRS. (215) 
36-2880. 
EARNINGS Unlimited! Mail Our Bur- 
lar Alarm Advertisements From Home! 
BM Merchandising, Box 59314, Chi- 
ago, IL 60659. 


MOBILITY AND FREEDOM Аге yours 
hen you learn Carpet cleaning. Start 
nywhere under $150, ГЇЇ tell you how. 
finance a vacation or build your own 
Profitable company. Quick start instruc- 
ion $19.95 moneyback guarantee. Send 
or details. Mobility, 8308, 2001E. Green- 
ille St., Anderson, SC 29621. 


DONT BE FOOLED BY IMITATIONS! 
Build the best giant screen projection TV for home or high 


profit with lenses and screens utilized by SONY ZENITH, 


SYLVANIA, and MAGNAVOX! Simple construction! Illustrated 
information and complete parts catalog $2.00... Money 
back guarantee! 
POLI-VISION GIANT TV 
187 CYPRESS ST., ТНАООР PA 18512 


7 PROFITABLE home businesses.Spare 
or full time ventures. FREE details. Kash- 
flo, Dept SJ88, 7776 Marshall Hts., Falls 
Church, VA 22043. 


MAKE MONEY with your Camera! 
Report tells how-send $3. Deckers, 520 
Harris, Richmond Hts., Ohio 44143. 


FIND MILLIONS IN UNCLAIMED 
MONEY. Let the Government help yo уо и get 
rich. Merit, Box 5363-B13, Louisville, KY 
40205. 


999 LITTLE Known Businesses. Free 
Information. Valley Enterprises, Rt. 3, 
Box 3308, New Philadelphia, OH 44663. 


YOUR NAME to every FREE айра: 
ment in this section $2.00. Elo, Box 2171, 
Pascagoula, MS 39568. 


ASSEMBLE TV Commercial Killers. 
Plans $5.95, Kit $26.95. EASTECH, Box 
3428, Charlottetown PEI C1A 8C2 CAN. 


FREE!..YOUR NAME PLACED ON 
OUR MAILING LISTS. RECEIVE PROF- 
ITABLE HOME BUSINESS OPPORTU- 
NITIES. POPCOM, BOX 34370, 
BARTLETT, TENNESSEE 38134-0370. 


HOME BUSINESSES! ло 

Profitable! Easy-To-Start! Catalog $2.00. 

ROREM, Box-11233B, Ocala, Florida 
673. 


$200 - $500 weekly - AT HOME! No 
immicks - Details FREE! Homeworkers- 
‚ Box 636679, Margate, FL 33063. 


$4,000 CASH IN 48 HOURS! Unbe- 
lievably easy business with outrageous 
CASH profits guaranteed. Free details. 
м ох 30169-F, San Bernardino, CA 
13. 


TRIAL subscription absolutely free. 
Send name, address, zip to: Spare Time 
Money Making Opportunities magazine, 
Dept. D-18, 5810 W. Oklahoma Ave., Mil- 
waukee, WI 53219. 


TURN your sparetime into easy profits. 
Discover PVC Furniture... Battery Recon- 
ditioning... . more. 


ч e o Assembly.. 

Earn immediately! Free Report. Owen- 

со. 771 PS, Battle Ground, Washington 
8604. 


NEW PRODUCTS NEWSLETTER. 
Exclusive opportunities. Free informa- 
tion. International, Box 636-PS, Newark, 
NJ 07101. 


MAKE BALLOON ANIMALS. 3400 
Weekends! FREE SAMPLES/INSTRUC- 
TIONS: Funnyman's—PS81, Box 250, 
Alexandria Bay, NY 13607. 


MAKE Rubber em ru Highly Profit- 
able Business. Free tails. Stamper, 
POB 22809 (LLC), Tampa, FL 33622. 


TAKE Catalog Orders. We drop-ship 
2955 best-selling specialty products. Low- 
est below wholesale prices. Immediate 
delivery. Spectacular home business 
opportunity. Free Book. SMC, 9401 De 
Soto Ave. Dept. 28-85, Chatsworth, CA 
91311-4991. 


14,947 HONG KONG, Taiwan 
PRODUCTS CHEAP Small lots. Some 
samples free. Harbor Box 1719-Р5-1, 
Yuba City, CA 95992. 


GET RICHI! Secret law smashes 
debts—brings cash credit! Details FREE! 
WealthKit-S, Box 4036, Pompano, FL 
33063. 


$25,000 LOANS INTEREST FREE! 


Secret Federal law WIPES OUT paeran | 
ox | 


Details FREE! Moneywise-S, 
636679, Margate, FL 33063. 

LEARN Piano Tuning. Big Profits! 
Empire School, Box 1014PS, Jupiter, FL 
33468-1014. 


PIANO TUNING PAYS: Learn with 


approved home study course. Diploma | 


anted. American Tuning School, 17050 
Telfer Dr., Morgan Hill, CA 95037. 


SCWL Subliminal Tapes Wholesale: 
Write: Life Enhancement, 811 Moulin, 
Madison Hgts., MI 48071. 


KISS THE BOSS GOODBYE!!! 
Get Rich. Home Business. Free Details. 


Broadmoor Enterprises, 1215 E. Broad- | 


moor, Loveland, CO 80537. 


MILLIONAIRE Mailorder Expert 
Reveals Money-Making Secrets. Free, 
Exciting, Hour Cassette: Melvyn Powers, 
No. Hollywood, CA 91609. 


CONCRETE Block Machinery: Catalog 
$1.00. Route One, Box 3740, Rapid City, 
South Dakota 57702-3740. 


$15,000 MONTHLY INCOME! Easy 
Moneymaking Plan. No Investment. 
McDowell, N, Box 5529 Diamond Bar, CA 
91765. 


MAKE YOUR DHEAM COME TRUE. 
EARN $60,000 YEARLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (BOO) 826-8523 OH WRITE: 
THE GLASS MECHANIX INC., BOX 
17693, PLANTATION, FL 33318. 


$24,000 IN YOUR BACKYARD. Spare- 
time growing profitable specialtv plants. 
Easy—start with $50. Free information. 
Homestead Growers, Box 988-PS, Friday 
Harbor, WA 98250. 


$1000's WEEKLY mailing. Free infor- 
mation. Stamped envelope: Progress, Box 
93248, Los Angeles, CA 90093. 


$10,000 MONTHLY ‘Taking Photo- 
graphs at Home! Call recorded message: 
(303) 674-8155. 


MAKE $7,000 monthly as Loan Bro- 
ker without investment/experience. 
Financial Box 4309-N, West Covina, CA 
91791. 


GET RICH using OTHER PEOPLE'S 
MONEY! Unique—amazing business! 


Details FREE! Finance-5, Box 4605, Mar- 


gate, FL 33063. 


SCREEN Print T-Shirts. [nex 
kits. Free Details. "T-Printer^ PO 
(LLC), Тавре; FL 33623. 
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WINDSHIELDS, & Plate Glass! Up to | 


$60,000 yearly! Call TOLL-FREE for 
Valuable FREE report. -BOO-321T-2597. 
Glas-Weld Systems, Box 5755-C1, Bend, 
OR 97708. 


$40 - $108/hour. Restore Damaged 
Countertops WITHOUT REPLACEMENT. 


| Millions of apartments, homes pay profits | 


immediately! Free Information. RENEW 
P.O, Box 9900-55, Vancouver, WA 98664. 


PROFITABLE Gold Foil Printer. Person- 
alize business cards, ncils, matches. 
Free Details. Gold, РОВ 24986 (LLC), 
Tampa, FL 33623. 


SILVER, invest now! This is a unique 
business opportunity. Dana Pryor, e 
Box 742131, Dept. S201, Dallas, 
75314-2131. 


а нти 


HOW ТО BECOME WEALTHY using 


the MILLION DOLLAR Personal Success 
Plan, (on cassette tape). Five powerful 
concepts will work for you and bring you 
outstanding success. Guaranteed. Send 
$12.00 post paid to: Eggleston Enter- 
prises, 4058 Landress Way, Lawrence- 
ville, GA 30245. 


SCREENPRINT T-SHIRTS AND 
MORE! Fast, Easy, Profitable! FREE 
INFORMATION! Т5.0., POB2233, Ven- 
tnor, NJ 08406. 


GET RICH IN ONE OF THE EASIEST, 


LEARN Gold, Silver Scrap Recycling 
Business. Free Information: Recycling 
Box 11216PS, Reno, NV 89510-1216. 


MAILORDER Opportunity: Start 
profitable home business without experi- 
ence or capital. Write for free book, plus 
details. Mail Order Associates, Inc., Dept. 
473, Montvale, NJ 07645. 


JOIN these successful Home- 
Workers...MAKE QUICK CASH with 
small ads like this. EASY... POWERFUL 
Home-Business. LITTLE MONEY 
NEEDED. Start-Up Details FREE: Port- 
folio - Р581, Box 250, Alexandria Bay, 
New York 13607. 


TIRED OF 9 TO 5 JOB? Seven most 
profitable home based businesses in 
America today. FREE DETAILS: Banner 
Books, 2241 Westover Avenue, North Riv- 
erside, IL 60546. 


ALUMINIUM CANS. Make new Product 
and profit. Illustrated instruction: Send 
$3.00. Product Enterprises, РО. Box 2426, 
Wilmington, СА 90748. 


NEW, PROFITABLE "How-to" Busi- 
ness Opportunity and Home Business 
Books. Details FREE. AMR, Box 308-B. 
Terrace, B.C. V8G 4B1. 


BUSINESS at home. Free information. 
1161 Lunt Circle, Dept. 20A, Cedar City, 
UT 84720. 


MAKING EXTRA MONEY MADE EASY. 
FREE Subscription to Opportunity Maga- 
zine offers hundreds of proven ways. 
Write: Opportunity, Dept. L52, 6 N. Mich- 
igan Avenue, Chicago, IL 60602. 


FROM DEBTS TO RICHES, guaran- 
teed free report. Send sase. Richkit, 4700 
South 900 Fant, Suite 3180G, Holladay, 
UT 84117. 


FREE ADVERTISING IN MAGAZINE! 
$3.00, 30 Day Refund. Reginald Rufus 
Mailorder Co., 438 Bolero, Dallas, TX 
75217. 


SPECIAL SERVICES 
INFORMATION Оп Anything. Ferguson 
Research Specialists. 60-15 Woodside Ave- 
nue, + Woodside, NY 11377. 
| BOOKS & MAGAZINES 


TEACHER TRICKS - г 
teachers. $5.00. 1909 Sunset Dr., 
Walla, WA 99362, 


A bi-monthly 
magazine with 
plans/instructions 
for metal-working 
projects you can 
build. $18.50 per 
year (Check/M.0.). 
With charge card 
=- a Cal tolres. toll-free. 


Ma Machinist Үү 


1-800-447-7367 or write 

The Home Shop Machinist, Box 1810-A6 
Traverse City, MI 49685 

MOWEY-BACK GUARANTEE 


` SAVE 25% 50,000 + Titles Available $3 
Catalog, Paperback Alliance, Box 301204, 
Portland, OR 97230. 


101 HOUSEHOLD HINTS. Send $4.75. 
Pat Havermann, 441 South Main, Carroll, 
IA 51401. 


LITTLE-KNOWN CATALOGS. Get теи 
150 free. Details SASE. Writeldea Р.О. Bos 
6002PS, Raleigh, NC 27628-6002. 


WINEMAKING 


WINEMAKERS—BEERMAKERS Free 
Catalog. Fast Service. Large Selection 
Kraus. Box 7850-N Independence, MC 
64053. 


HOME BREWING 


BEERMAKERS! FREE com 
Catalog/Newsletter. William's 
P8, San Leandro, CA 94577. 


OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Golc 
Teeth, Rings, Diamonds, Watches, Silver 
Platinum. Mail Articles Today. Free gifi 
with Information. Chicago Gold & Pre. 
cious Metals, 10 S. Wabash, Dept. 557, Chi: 
cago, 60603. 


rehensive 
x 2195. 
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TAKE NO CHANCES. Deal with oldest 
most reliable firm in old gold business 
Established 1934. We buy Gold, Silver 
Platinum, Diamonds. Highest Cash. Free 
information. Rose Industries, 29-Y East 
Madison, Chicago 60602. 


JEWELRY 


CLOSEOUT Jewelry. 55¢ dozen (Catalog 
.26¢). Roussels, 107-1635 Dow, Arlington 
MA 02174-7199. 


MUSICAL INSTRUMENTS . 


INTERNATIONAL VIOLIN COMPANY 
Catalog for instrument makers, repairers 
Imported tonewood, tools, varnishes, parts 
| strings, cases. 
instruments. Bows. Assemble yourself vio. 
lin and guitar kits. Catalog $1.00 includes 
10% discount certificate. Dept. MA, 402€ 
W. Belvedere Ave., Baltimore, MD 21215. 


SONGWRITERS | 
ا‎ ——À 


SONGS WANTED. Free Pu 
lishing/ Promotions. ghrp esd Music, Boi 
7438-PS, Sarasota, FL 33578 | 


` GOV'T SURPLUS | 


NARCOTICS RAID SEIZURES | 
Autos... Vans .. Boats .. Airplanes. Million! 
Surplus Bargains .. many 1% or inal Di 
“Nationwide Sales Directory” rb. 00. Di 
poani, Box 19107-FM, Washington, Df 


DETECTIVES = 


PRIVATE INVESTIGATOR Home-stud 
Global, Be Program. Free Informatior 
Global, Box 191PS, Hanover, MA 02339. 


ELECTRONICS FOR SECURIT 
NTERSURHVEILLANCE, AND PEF 
SONAL PROTECTION. CATALOG SLO 
HUNTERA, BOX 12922, WINSTOR 
SALEM, NC 2717. 


HYPNOTISM 


FREE Нурпой sm. Sleep Learning Pub! 
cation DLP Box 487, Anaheim. CA 9270 


A 


FREE Hypnotism, Self-Hypnosis, Sle 
Learning Catalog! Drawer PS400, Ru 
doso, NM 88345. 


IMPORT/EXPORT 


IMPORT, Export - FREE Trade Mag 
zines, Books, 1000's Manufactures, 
wan, Japan, Portugal, Denmark, Swed: 
Etc, Etc. $4.00 pp. Tradeway Marketir 
PO. Box 411, Hopedale, MA 01747. 


SCIENCE & CHEMISTRY 


AMAILABL 


| THE DIFFERENCE IS QUALITY 


LOW LOW PRICES. SCIENTIFIC CH 

CAL & LABORATORY EQUIPMENT C 
INC., 6010 North Belt, Suite 701, Hou 
ton, TX 77396, (713) 441-2222. | 


_ ڪڪ‎ HR — 


FREE SCIENTIFIC SUPPLIES and 
HEMICAL CATALOGS. R.J.M. Labora- 
ries, Inc. presents its latest catalogs con- 
ining scientific laboratory equipment, 
ipplies, chemicals and a complete line of 
ecialty laboratory glassware. Write 
day for your FREE catalogs: R.J.M. Labo- 
tories (lj, РО. Box 1149, Santee, СА 


ANATOMICAL CHARTS, MODELS, 
KELETONS, $1.00 Catalog. CHARTS, 
24 North Clark, Chicago, IL 60626. 


1987 CATALOG, 200 pages. Chemistry, 
iology, Physical & Earth Science, Nature, 
Inosaurs and much more. Beginner to 
ofessional. $2.00. Merrell Scientific, 
65 Buffalo Rd., Rochester, NY 14624. 


MAIL ORDER SCIENCE STORE 
pagent chemicals, Laboratory apparatus, 
rge Inventory. Same day нр on all 
all and phone orders. Over the counter 
les. Call for Free 1987 Catalog, DFW 
HEMICALS, INC., 214-BBB-G666 
exas.) 


"EXPERIMENTERS" LABORATORY 
HEMICALS - GLASSWARE, Catalogue 
.00. Established: 1953. HAGENOW 
ABORATORIES, 1302 Washington, 
ANITOWOC, WISCONSIN 54220. 


225 PAGES! 1988 Glassware, chemi- 
ls, equipment, books, experiments, 
INOSAURS and charts! Most compre- 
зуе catalog offered by anyone in this 
lumn. Established 1970. $3.00(US) 
EFUNDABLE. Analytical Scientific, 
1049 Bandera San Antonio, TX 78250. 
12) 684-7373 VISA. 


TWENTY FIRST CENTURY GRAVITY 


ND INERTIA. GEC RESEARCH PRESS, | 


12 Morada Lane, Santa Barbara, CA 
1105. 70 Pages. 
lipped. 


EMERALD CITY CHEMICAL INC. We 
ipply Your Chemical And Equipment 
eeds. National Tel: 1-800-431-5511, 
ashington Tel: 1-800-562-6794. Order 
irectly Or Inquire About Reference Cata- 
gs. 1409 E Madison, Seattle, WA 98122. 


RECORDS, TAPES, ETC. 


COMPACT DISCS. Your Music! Bar- 
ins! Catalog $1.00. Tower, Dunkirk, MD 
)754-0213. 


FREE CATALOG - NOSTALGIA MUSIC 
}0'в from the 50's, 60's and 70's. Audio cas- 
ttes from the originals! THE GOOD OLD 
AYS, РО. Box 1037, Southbury, CT 
488. 


COMPUTERS 


TI-89/4A Software/Hardware bar- 
ins. Hard to find items. Huge selection. 
st Service. Free Catalog. Enterprises, 
ух 690, Hicksville, NY 11801. 


T ARE, IBM, compatible, or Apple, 
than $4.00 disc, send stamp for Cata- 
z. PSCa, Box 1057, Capitola, CA 95010. 


POWEHFUL . COMPUTER 
s", Learn Quickly, 

imputers. Details: 
)MPUTER FACT BOOK, 5580 LaJolla 
d. ES472, LaJolla, CA 92037. 


REE programs! IBM ‘a/Apples/Com- 
pdores/Adam/TRS80's/TI99-4A. Езгае- 
, Box 52225] A, San Diego 92105. 


MLIST PROGRAM, menu driven! 
s IBM-PC LOTUS123. Sorts, Prints 
bels, Christmas Cards, Birthdays, 
one Numbers, and more $14.95! 
ADY SOFTWARE, 7629 Castlebay, 
ando, FL 32811. 


"Short- 
How to Use 


OMMODORE Low Cost Chips/Repairs 

4-$39.95). Largest Commodore Service 
ter in the country. Request catalog. 
sara Micro, 33 Murrayhill Drive, Sprin- 
lley, NY, 10977, 1-800-642-7634, 800- 
:-2983, 914-356-3131. 


NALYSE AND PLAY CASINO BLACK- 
‚к ON YOUR COMMODORE 64: Yes it 
ossible to increase your chances of win- 
м Experiment with this program and 
your system of play. Hit or Stay, Player 
a some interesting results. Program 
lic domain. Send $19.95 to: Dr. Jack 

» 101 Sunset Drive, Montoursville, PA 


Illustrated $5.00 | 


| alog. Superior Pix. 323a 


PAPER CONVEYER. SHEET FEEDER 
For all Tractor Feed Printers. Patented, 
featured in Popular Science June, 84. 
$29.95. Valinco Automation Ltd., 2507 
Fountains Abbey, Mississauga, Ontario, 
Canada L5K 2H3. 


RADIO/TV 


SATELLITE & 
CABLE T.V. 


FOR CATALOG SEND $2 TO: 
DISTRIBUTORS 
5078 SO. 108th 
SUITE 4333 DEPT. PS 
OMAHA,NE 68137 
TO ORDER CALL: 
800-435-7057 
402-330-7673 2 


POLICE Scanners, Regency, Bearcat, 
Fanon. HPR, Box 19224PS, Denver, CO 
80219. 


CABLE TV Equipment. Low prices we 
ship C.O.D. Send $2.00 for catalog. Cable- 
tronics Unlimited, Р.О. Box 266-5, S. Wey- 
mouth, MA 02190 (617) 843-5191. 


ELECTRONICS, STEREO HI ЕГ 


RARE Records, All Kinds, Free List. Bet- 
tes. РО. Box 6453, Louisville, KY 40206. 


AUDIO, PA and Pro Sound equipment at 
cost. Call id write for list. Sound Equip- 
ment, Dept. PS, 4132 Kincaid Drive, 
Raleigh, C 27604, 919-876-8432. 


LASERS 5mw Helium Neon, good for 
Visual effects use, 30 day guarantee, 
$175.00. MWK Industries, 1724 W. Ball, 
Anaheim, CA 92803, (714) 956-8497. 


CABLE EQUIPMENT 


CABLE TV SECRETS - the outlaw publi- 
cation the cable companies tried to ban. 
HBO, Movie Channel, Showtime, Des- 
cramblers, Converters, etc. Suppliers list 
included. $8.95. Cable Facts, Box 711-Р5, 
Pataskala, OH 43062. 


CABLE TV DESCRAMBLERS 
Why Pay a High Monthly Fee? 


Jerrold, Oak, Hamlin, Scientific Atlanta, Zenith, and more! 
60 day warranty. Shipment within 24 hrs. For fast serv- 


ісе MC/VISA C.O.D. Telephone orders accepted. Eve- | 
ning hrs. also. (312) 698-1259. Stamped Envelope (.44¢) 
postage for FREE catalog. No. Ill. orders. 
L & L ELECTRONICS 
1430 Miner St., Suite 522 
Des Plaines, Ill. 60016 


CABLE TV Descrambler Plans $3.00. 
Stevens-PS, Box 20286, Bowling Green, 
KY 42102. 


DESCRAMBLERS, lowest prices! Oak, 
Jerrold, Scientific Atlanta, Zenith, Syl- 
vania, etc. Schematics, service manuals, 
construction manuals! Ponderosa Com- 
pany. (303) 661-1659. 


CABLE TV CONVERTERS. Scientific 
Atlanta, Jerrold, Oak, Zenith, Hamlin. 
Many others. *NEW" VIDEO HOPPER 
“The Copy Killer". Visa, M/C & AMEX 
1-800-826-7623. B&B Inc., 10517 
Upton Circle, Bloomington, MN 55431. 


VIDEO 


MULTI-CHANNEL MICROWAVE 
» TV RECEIVERS 
19-2 7 GHz 20" Dish 404 dB Gain 
LIFETIME WARRANTY 
Complete System 589,95 (Shipping Incl.) 


Dealer Rates, Replacement Components 
& Expert Repairs Available 
K&S ELECTRONICS Call now for same 
PO. BOX 34522 day shipping! 
PHOENIX, AZ 85067 (602) 230-0640 
$2 Стефи on phone orders! 


UNIQUE video/film s upplies! Fi FREE cat- 
Franklin Bldg., 
Suite 473, Chicago IL 60606. 


| DOCTORATES. ACCREDITED, 


| VIDEO MOVIES. Bargains! Giant cata- 
log-directory $2.00. Tower, Dunkirk, MD 
20754-0213. 


MAKE Professional quality video with 
your camcorder. Emmy winning camera- 
man shows you tricks of the trade. Tape 
$39.94 or Bookley $10.95. Sunbird Video, 
P.O. Box 1231, Williamsville, NY 14221. 


COPYGUARD CORRECTOR 
RESTORES RENTAL MOVIES. Connects 
between VCRs. $59.95. 1-800-338-8751. 


VCR Repair low $ Guaranteed. 12 yrs. 
experience. via UPS. Call 707-526-0828. 


SATELLITE TV —_ 


SATELLITE T.V. 
Save 30%-60% 


Buy Direct! 
Complete System Examples 
LUXAR w/mover 
1 STARCAST-500 w/mover 


asy 10 
Ета 


TRACKER VI-IRD w/mover ., 
TRACKER VII-IRD w/mover , $1699 
Systems Include 10' Orbitron dish, mount 
receiver. mover LNB and Feed 

Мапу more to choose from: 7' 9 10' & 12° dish's] 
(Chaparral, Uniden. Drake. Channel Master, etc 
Plus upgrades for present owners: Receivers 
movers. LNA's LNB's Feeds & Ku equipment 


| INSTALL OR UPDATE YOURSELF! 
For LOWEST PRICES 


S Sky vision, Inc.. 6. 


2066 e Way Fergus Falls MN 56537 


ORDER TOLL FREE 800-334-6455 (Ext. 5) 
In MINN, CALL 218-739-5231 


SATELLITE TELEVISION DESCRAM- 
BLERS complete detailed plans for home- 
construction by anyone. $5.00. Jansen 
Electronics, PO. Box 168-A, Dundee, OR 
97115. 


COINS & CURRENCY 


"OLIVER NORTH” PROVES 
TO BE AS FINE AS SILVER. 


LIMITED OFFER! 


Large 2 oz., .999 Fine Silver Commemorative. 


FREE 8'x10' Color Photo. Details: U-LAR 
Ltd., P.O. Box 277-1A, West Hurley, NY 12491 
71987U-LAR Ltd. 


EDUCATION & INSTRUCTION 


FREE Lifetime. Ordination. Become 
Chaplain, Missionary Evangelist, Bishop. 
Box 744-PS, McKeesport, РА 15134. 


LEARN WHILE ASLEEP! Astonishing 
New Method! Strange Catalog Free! Auto- 
suggestion, Box 24-A, Olympia, WA 98507. 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, 
INEX- 
PENSIVE, FAST. FREE INFORMATION. 
DR. JOHN BEAR, РО. BOX 1447-PSC, 
MARINA DEL REY, CA 90295. 


SUPERLEARNING! Triple learning 
speed through music! Develop Supermem- 
ory; control stress. Free—book excerpt & 
catalog. Su Mp DIDE. 450-PS1 Seventh 
Avenue, N.Y.C. 10123. 


WORLD WIDE COLLEGE OF AUC- 
TIONEERING, INC. Since 1933. Term 
Soon, Free Catalog COL. Gordon E. Taylor, 
Box 949, Dept. 3 Mason City, LA 50401. 515/ 
423-5242. 


PARALEGAL GRADED CURRICULUM. 
Approved in-depth training by correspon- 
dence. BLACKSTONE SCHOOL OF LAW: 
100 years of legal training. Write for free 
catalog. Р.О. Box 790906, ept. PS, Dallas, 
TX 75379. 


HIGH SCHOOL at home, diploma 
awarded. Low monthly payments. No 
classes, information free. Phone free 1-800- 
228-5600, or write: American School, Dept. 
$347,850 E. 58th St., Chicago, IL 60637. 


EARN MORE IN 90 DAYS. Free 1987 
catalogue describes 200 success proven cor- 
respondence Diploma courses. Granton 
Institute, 263B Adelaide Street West, 
Toronto, Canada. 


SUPERFAST MORSECOD 
SUPEREASY 

Subliminal cassette. $10. Moneybac 

guarantee. BAHR, 2549-PS2 Temple, Pa 

mbay, FL 32905. 


BECOME A PROFESSIONAL REA 
ESTATE APPRAISER. Correspondence à 
classroom in Atlanta, Los Angeles, Ear; 
Certification. FREE INFORMATION 
National College of Appraisal. 1- -800-223 
4542. 


FREE COLLEGE TAPE External Degr 
Programs Business Administration, Pub 
lic Administration, LAW (Qualify Ва! 
Admission) Fully Accredited, Financia 
Aid, (800) 847-0005 (314) 426-0653. Шш 
Salle University, 3628 Saint Grego 
Saint Louis, Missouri 63074. 


LOCKSMITHING: Free book. Locksmi: 
thing Institute, Dept. 311-018, Little Falls 
NJ 07424. 


BLADE SHAVERS! Superb shaving sys 
tem. Astonishingly better, more comfo 
able shaves. MONEY BACK GUARA 
$10.95 to: Robert Ferris, PO Box 1555, 
Brooksville, FL 34605. 


SCHOLARSHIP Dont waste money o 
those "Scholarship" search services. Get 
the whole list of over 1,000 Scholarship 
instead. Get Safire: Scholarship Ап 1| 
Financial Aid Information Runtime Exec 
utive. Call now (217)-351-8433 or write 
Artificial Logic, Box 3995, Champaign, IL 
61821-0995. 


SUPER-INTELLIGENCE! Amazing 
results guaranteed! EDEPS, Box 1462, 
Glendora, CA 91740. 


FREE MONEY GRANT MLM news] 
51.00. Catalog, Box 275, Cupertino, CA 
95015. 


HANDLE YOUR OWN LEGAL AFFAIRS. 
Be a Paralegal. Accredited Attorney 
Instruction. Home Study. FREE CATALOG. 
Southern Career Institute, Drawer 18PS- 
1155, Boca Raton, FL 33427. (305) 368- 


UNIVERSITY DEGREES AT HOME. 
Convenient, inexpensive, Accredited. Free 
information. Kensam, Box 1383-PSJ, Far 
Rockaway, NY 11691. 


HIGH SCHOOL GRANDUATES! NEED 
MONEY FOR COLLEGE? Get your share. 
Scholarships and Grants in 50 States. Most 
students qualify. Free Details. AMR, Box 
308, Terrace, B.C. V8G 4B1 


MAILING LISTS 


FREE Mailing List Consultation. 
Details. GOC46U, Box 1107, Stuart, FL 
33494, (305) 334-5205. 1-800-554-5478. 


NEW ACTIVE NAMES!! 
RANDOM STATES Available! IMMEDI- 
ATE SHIPMENT! Adhesive Labels— 
Guaranteed Opportunity Seekers 500/ 
$25; 1000/$40. Others. Advon, Drawer B6, 


| Shelley, ID 83274. Visa/MC/AmEXx. 1-800- 


992-3866. 


FREE Sample Of Mailing Lists That Get 
Results! McCann, 32 Maine, Carteret, NJ 


07008. 


200/$4.50; 500/$8. 50; 10007315. 50. D- CO. 
Box 526-PS, Griffith, IN 46319. 


SUPER FRESH NAMES. 25e cash 
refund for undeliverables. Malloy, Box 110, 
Lindenhurst, N Y 11757. 


EARN Bigger profits! New professional 
top of the line computerized full feature 
guaranteed mailing lists $4 hundred, $30 
thousand labels. Mailco, 1418 Homan, Fort 
Worth, TX 76106-9055. 


SUPER RESPONSIVE HOT-LINE 
MAILING LISTS. Opportunity Seekers 30 
days old only. DISCOUNT prices: 200-$15, 
500-425, 1000-$40, 2000- Po 5000-$150. 
Reymer Associates, Box 412CA, New 
Haven, CT 06513. 


FRESH, hot, responsive names of mail- 
order buyers. Most categories. Zip code 
order. Peel and stick. Guaranteed delivera- 
ble! Rush SASE to: Letz Enterprises, Box 
850187Р, Yukon, OK 73085. 
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STAMP COLLECTING 


PENNY Stamp Approvals. Regardless 
atalog. C. Kloster, 4164 52nd St. San 
Diego, CA 92105. 


FREE! Surprise Collection With Approv- 
ls. Jay, Box 750128, Petaluma, CA 94975. 


FREE, U.S. Mint Set. Approvals. Hilde- 
гапа, Box 4867, Santa Clara, CA 95054. 


us. 200 different commemoratives 
51.00! АР rovals. Gordon Davison, 
okomis, 34274. 


DISCOUNT STAMPS Request Coun- 
es, Free List. Iva Stamp Company, P.O. 
Box x 197, Hanford, CA 93232, 


FREE Worldwide Packet. Penny Approv- 
pis. Froehlich, Box 177DB, Pine River, WI 
54965. 


1023 WORLDWIDE POSTAGE 
STAMPS—ONLY $3.00! 

AM Different! All Genuine! Value-pack- 

ed collection to introduce y to our 


you 
offers, collectors catalog, and 


approval service. Other exciting 
stamps included. Buy any or none, 
return balance. 
WILTON STAMP CO., Dept. 30A 
R.O.B. 850, WILTON, NH 03086 


! FREE discount catalogue with 500 dif- 
ferent worldwide $2.00. Stamps, Box 
15258PS, Sarasota, FL 34277- 1258. 


| FREE US coil pair with approvals. Carl: 
son, КТ2 Box 112P, Annandale, MN 55302 


50 DIFFERENT Old U.S. Between 1861 
and 1939 $1.00. Rousch, Box 3734, Mans- 
‘field, OH 44907. 


UNITED NATIONS 3 Complete Mint 
Sets 25e, Approvals. Cornetta, РОВ 1509- 
P, Lake Placid, FL 33852. 


Mounted by country: 
716-5 Sixteenth, 


| Third catalog: Garnes, 
Mattoon, IL 61938. 


` PROFITABLE OCCUPATIONS 


HYDRAULIC JACK REPAIR MANUAL 
and catalog $10.00. Hydraulic Parts Sup- 
ply, Box 4157, Brownsville, TX 78523-4157. 


REPAIR lawnmowers thousands of parts 
and tools wholesale list 50e. Ellwanger's 
PS., РО. Box V, Port Jervis, NY 12771 


FREE Brochures. Repair air condition- 
ing, Refrigeration, Gas Heating, full 
instructions. Doolco, Inc., 11252 Good- 
night, Dallas, TX 75229. 


CARTOONING, SIGN PAINTING 


LEARN Sign lettering video. Detailed 


instructions and pinstriping booklets. 
$34.95. Video, 513-E. Hawthorne, Fort 
Wayne, IN 46806. 


LEARN Sign Painting, pinstriging: Free 
Catalog. Kaufman Supply, Centertown, 
MO 65023. 


... JOKES & NOVELTIES 


FREE Catalog! Things you never knew 
existed! 1600 Novelties, Jokes, Science, 
Hobbies, Suprises. Johnson-Smith, F-03, 
Bradenton, FL 34203-3796. 


"JOKES"! "HUMOR"! BOOK $4.50 
Socksational Laughs Creator. “GAGOL- 
OGIST" "KAYO" HARRIS, Box 1567- 
PS, Portland, Oregon 97207-1567. 

SPORTING GOODS 


THY SOMETHING OLD: Ice age weap- 


ons: Spear, Throwers, Target Spears. Tate | 


| Mational Finance, 


LOANS BY MAIL 


IMMEDIATE Loans to deserving individ- | 
refused elsewhere. Many plans | 


uals 
included. Try us! Associates, Box 98-P3, 
Brooklyn, NY 11235. 


BORROW $40, 000 “overnight.” 
ве! Free Report. Success Research, 


pur] 
Box 19739-FM, Indianapolis, IN 46219. | 


BORROW $500-$40,000! 
night" On Signature. Keep indefinitely! 
Action N, Box 5499, Diamond Bar, CA 
91765. 


NEED MONEY? Cash, Loans, Govern- 


ment Grants. 99% eligible, Free Book. 
KPA, Box 400-FNM, Jamesport, New York 
11947. 


VISA! MASTERCARD! Regardless of 
Credit Experience! Apply Toll-Free, 24 
Hours: 1-800-227-8472, Ext. 26. 


ARAB BUSINESSMEN have money to 
buy/invest. Top finder's fees paid. IMEA, 
188/PSI, Box 3574, Newport Beach, CA 
32663 (714) 722-9260. 


FREE MONEY! $300,000,000 Giveaway. 
Grants, Never repay Rush 22e stam 


Jakla, Box 3066-Р518, Seminole, FL 
34642. 

VISA/MA guaranteed! 
Quick loans! rushed' 


An: lication 
Bo x 35726-A, Rich- 


mond, VA 23235. 


BORROW any amount/purpose! Quick, 
confidential! Enclose 'sase: Sunrise, Box 
42P Bethpage, NY 11714-0042. 


MONEY Problems? Government loans 
cash 99% eligible, Confidential, No one 
refused. Creditbanc, Box 4039MPS, Forest 
Hill, NY 11375. 


MONEY Available Free Details, SCD, 
Box 7632-P, San Jose, CA 95150. 


BORROW $100-5100,000 FAST! Satis- 


faction Guaranteed! Rush stamped 
addressed envelope.  Creditline, Box 
20772-PS, Los Angeles, CA 90006. 


INTRODUCING SECURECARD! Се! 
MasterCard and Visa and earn 8% on your 
savings and pay only 12% APR! Call today 
for free details 1-800-782-3669. 


$100,000 line credit without investiga- 
tion! Private Swiss bank account! Other 
financial benefits! Free valuable report! 
МАСС PS-1, Box 5399, Torrance, CA 
90503. 


BORROW by mail, Free details, Space 
Marketing, 655A Fern Drive, Merritt 
Island, FL 32952. 


BORROW $100— $100, 000! Fast, Con- 
fidential! Marigold, Box 2030-PS, Richard- 
son, TX 75080. 


NEED MONEY FAST? Signature loan to 
fit your need! Free information. Instacash, 
323X Franklin, #298W, Chicago, IL 
60606-7096. 


BORROW Ву Mail. Quick, convenient, 
confidential. All Inquiries handled by 
s eliam, 140-PS Hwy 80, Bisbee, AZ 
8560 


MONEYMAKING 
OPPORTUNITIES 
GET RICH! Secret law —— debts— 


brings cash credit! FREE report!! Wealth- 
Kit-S, Box 4036, Pompano, L 33063. 


RECOVER FINE GOLD from most river 
wash gravels with unique self made inex- 


pensive device. This is not a Sluice Box or | 


a Jig and no moving parts. For hand min- 
ing or large production. Information $2.00. 


Enterprises, Box 110755, Aurora, CO | Plan $25.00 Mineral Research, Box 319, 
80011. | Atlin BC VOW 1A0 Canada. 
SPORTING GOODS 


Regular 
Models in Feel 
Ft. moon 20" 


“jake-downs’ models add $3.00 each gun. 
$B. at J-piece "4-in-1" Guns. 


Bt. 450° 22.95 
ff. 550° 24 ch 
ft. 35 1 Add $1.95 postag 
SILENT, POWERFI Ne RATE BACK paid $ gun 
| ballet impactKills g wr Var] wis! Target, 
J к! А ston in xd Чыр اد‎ Ye 


TTE E3388. 4 cites. 7th gun EET]! 


VISA, M.C., AM. i. E 0. D. $3.50 С.0.0. FEE эго MNMUM FREE 24- E 1-800- 222. 3119 x) 
. Blowgun World, Inc.Box 25183-P Salt Lake City, UT 84125 1:80 


IENCE 


Range 1- ог 2-ріесе For Camouflage or Black NINJA  — 


qe Д E 
êfl. 350'$17.95 ке. Е ы 


01112 
1 tasi ma. + EMI 
5i 


~NEW 6 FT. “4 IN 1" TAKE-DOWN BLOWGUN 


1998 Survival-Hunting ' "Commando " "Morels* ^ 


saido3 po анан ipros suom 


= ДРТ 
500 14.00, KRASIN 
5n ia T4 pei S052 MM 


DELLE fives’ Sth run! Pen vn 


i —3171 üJuis [Fase] m Sy 


aay бадр d 


1-800-541-4100 


Апу 


“Over- | 


FREE MONEY! how to make thousands. 


Send for FREE plan. Gale Publishing, 3822 
S. 16th St. Apsm, Arl., VA 22204. 


HIGH Profits T-Shirts and Caps. Inexpen- 
sive, professional transfer machines, sup 
plies. Press Magic, P.O. Box 22809-LL 
Tampa, FL 33623. 


$7,000 PER Month Free Details. NRC, 
Box 2437D, Brunswick, GA 31521. 


MAKE Money at home well teach vou. 
Guaranteed results. Free details, Box 
117195-Р, Burlingame, CA 94011. 


SIGN Express Computerized Signmak- 
ing Information. Box 309P, Bethel, CT 
06801. 


HIGH Profits T-Shirts Caps. Inexpen- 
sive, transfer machines, supplies, Press, 
PO. Box 22809-LLD, Tampa, FL 33623. 


EARN GREAT EXTRA INCOME! 
Repairing апі selling refrigerators. 
Details write: Taylor Barnum Co., 6743 8. 
Lakeshore, Tempe, AZ 85283. 


ONE IDEA CAN MAKE YOU RICH. Rev- 
olutionary, New Tool helps create money 
making Ideas. Systemitize your thinking. 
Generate wealth. Maximize your success. 
Guaranteed. Special offer $10.00 + $2.00 
shipping. The Idea Stimulator, 30100 Town 
Center #0-150, Laguna Niguel, CA 92677 


FOR INVENTORS 


PATENT IT ECONOMICALLY! Free 
details. Licensed since 1958. Rainer Asso- 
ciates, 2008 Fondulac, Richmond, VA 
23229. 


NONPROFIT foundation helping inven- 
tors over 12 years. Free recording forms. 
Free evaluation. Affiliated Inventors 
Foundation, 501-А Iowa, Colorado 
Springs, CO 80909 or Call 1-800-525-5885. 


INVENTORS! Can you patent and profit 
from your idea? Call or write for your free 
information package. Over a decade of 
service. AMERICAN INVENTORS COR- 
PORATION, 32 Broad Street, Dept. PS, 
Westfield, Massachusetts, 01086. 1-800- 
338-5656. In Massachusetts or Canada call 
(413) 568-3753. 


PROVEN PATH-TO- PROFIT for inven- 
tors. Free information. Q.E.L, 1859 
Andrews Ave. San Jose, СА 95124. 


LEARN how to offer your invention for 
sale or license. Free Booklet. Outlines pro- 
cedures, royalty rates, requirements. Kes- 
sler Sales Corporation, C-7-FI, Fremont, 
OH 43420. 


FINANCIAL backing available! 
PATENTVESTMENTS INTEHNATIONAL, 
Washington Square, Washington, DC 
20036. 


HOW TO CREATE INVENTIONS. Fasci- 
nating booklet guarantees new product 
idea generation, leading to profitable 
inventions. $19.95. Porter's Publications, 
Box 593-5, McPherson, Kansas. 67460. 


ARE YOU SMARTER THAN MOST 
PEOPLE? Can you develop new product 
ideas? We need you! MINDLINK, PO Box 
1309, Point Pleasant, NJ 08742. 


FIRST TIME INVENTORS BOOKLET. 
Know the right steps. Send check or money 
order for $12.99 to: Inventors Protect Your 
Ideas, 5107 Indiana Ave., Lisle, Illinois 
60532. 


ГМ A SUCCESSFUL INVENTOR you 
can be too. I will show you how l've earned 
$50,000 plus per year in royalties, without 
a Patent or Lawver, Contact Heath 1-800- 
63-HEATH. 


INVENTIONS WANTED 


INVENTORS! Confused? Need help? 
Call AIM for free information kit. Toll free: 
1-800-225-5800. 


IDEAS, INVENTIONS, NEW 
PRODUCTS WANTED FOR 
Presentation to industry and exhibition at 
national innovation exposition. Call free 1- 
800-228-IDEA, Canada, 1-800-528-6060, 

X831. Or write: 
INVENTION SUBMISSION CORP-PS 
903 Liberty Avenue 
Pittsburgh, PA 15222 


NEW IDEA? Innovation Center in Wash- 
ington, D.C. will assist you through 
RESEARCH and DEVELOPMENT! Free 
Kit—1-800-628-2828. 


Flushing, NY 11365. 


HONGKONG factory needs several ne 
products for their overseas buyers. Sen 
product ideas for royalty evaluation. Ca 
е exclusively Hongkong Plast: 

etal Products Company, Box 6962’ 
Kwuntong, Hongkong. 


NVENTIONS Developed Marketer 
Free Invention Certificates. MANUFAC 
TURERS REPRESENTATIVE, Suite 361! 
PS, Woolworth Building, New York, N 
10007. 


J INVENTORS: If you have an inventio 
КЕ sale or licenses, write for free bookle 
5a ag how we can help you. Kessle 
ales Corp. C-7-1W. Freemont, OH 4342 


EMPLOYMENT INFORMATION 


JOBS, Cruiseships, Tugs, Ships, Rive 
boats, Oilrigs: Women-Men. Work montl 
Home month. USA + Overseas. Inform: 
tion $3.00 Marine Employment, Box 22: 
Central, IN 47110. 


GOVERNMENT JOBS $16,040 
$59.230/'vr. Now Hiring. Call 805-68" 
6000 Ext. R-20025 for current federal lis 


REPOSSESSED homes form Gov't fror 
$1.00 plus repairs/taxes. Nationwide! Als 
tax properties. 216-453-3000, Ext. H823C 


DALLAS EMPLOYMENT Bulletin $3.0 
to: DALTECH PO Box 560724, Dallas, T: 
15365. 


SOUTHERN CALIFORNIA job listing: 
Send occupation Sase and $4.50. Dutchli 
Company, РО. Box 4578, Garden Grow 
CA 92642. 


OVERSEAS $25,000 - $75,000 +. Fre 
Report! Employment, Box 19760-FM, Ind 
anapolis, IN 46219. 


EASY Work! Excellent Pay! Assemb] 
products at home. For info. Call-504-64: 
8003 Ext. A-8068. 


PATCHES DECALS & BADGES 


GUARANTEED Lowest Emblem Price: 
Pins. Decals. Free Catalog/Quotes. Stadr 
61R Jane, NY 10014. (212) 929-2293. | 


REMAILING SERVICES 


PROMPT Remails $1.00. GWENC 
PO. Box 6223, Akron, OH 44312. 


BUSINESS SERVICE 


1,000 BUSINESS CARDS, $19.95. M 
COPY, BOX 903, PEORIA, AZ 5 


AUTOMOBILES 


“PREVENT CAR THEFT!" Etch your с 
identification number permanently a 
perfectly on all windows. Police дерал 
ments, Insurance companies and dea 
discounts available. Complete kit a 
instructions. $18.50. Send identificati 
number. Perfect Etch, 169-04 69th Av 


Wordless Workshop 


By ROY DOTY 


$50 to Duncan Mellor of Hanover, N.H. for this idea. Send yours (with 


Social Security No.) to Wordless, POPULAR Science, 380 Madison Ave., 
New York, N.Y. 10017. Only purchased ideas can be acknowledged. 
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ADVANCED NEW CHEVY. — 
Modern fuel-injected Vortec V6 power, new standard 
shift-on-the-fly Insta-Trac system. 


Want a better way to go? Get into an '88 Chevys the only full-size 4x4 that gives you 


half-ton Chevy 4х4. You get 15 more both Insta-Trac and independent front 

standard horsepower than Ford gives you suspension? 

standard. Coupled to a slick-shifting | Check out Chevy. It's the difference 

new standard 5-speed. 2 / between an old new 4x4 and the first all- 
Another Chevy advantage that won't new full-size 4x4 introduced in this decade’? 


slow you down; standard Insta-Trac. In fact; | At your Chevy dealer's now. 
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1983 A.J REYNOLDS TOBACCO CO 


SURGEON GENERAL'S WARNING: Smoking 
By Pregnant Women May Result in Fetal 
Injury, Premature Birth, And Low Birth Weight. 


& ' " | F. 


